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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington^  D.  CI,  January  Sl^  1906. 
Sir:  I  have  the  honor  to  transmit  herewith  a  series  of  papers  by 
various  hands  for  publication  as  a  bulletin.  They  represent  mineral- 
ogical  investigations  incidental  to  geological  researches  and  important 
to  the  progress  of  geology,  and  are  here  brought  together  for  con- 
venience of  reference. 

Very  respectfully,  G.  F.  Becker, 

Geologist  in  Charge  Division  of 
Chemical  and  Physical  Research. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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CONTRIBUTIONS  TO  MINERALOGY  FROM  THE  UNITED 
STATES  GEOLOGICAL  SURVEY. 


PREFATORY  NOTE. 


By  F.  W.  Clarke. 

Although  mineralogical  research  occupies  a  relatively  small  place 
among  the  many  varied  activities  of  the  United  States  Geological 
Survey,  it  is  by  no  means  neglected.  From  time  to  time  interesting 
material  is  collected  by  the  field  parties  of  the  organization,  and  speci- 
mens deserving  study  are  received  from  other  sources.  These  are 
worked  up,  as  opportunity  offers,  in  the  chemical  laboratory  of  the 
Survey,  sometimes  independently  and  sometimes,  as  in  the  work 
reported  in  two  of  the  memoirs  here  presented,  in  cooperation  with 
the  geologists  by  whom  they  were  brought  in.  Occasionally  assistance 
is  received  from  investigators  not  connected  with  the  Survey,  and  one 
such  case  is  now  represented  by  the  joint  paper  of  Doctor  Hillebrand 
and  Professor  Penfield,  of  Yale  University.  In  that  instance  the 
chemical  work  was  done  in  Washington  and  the  crystallographic 
measurements  were  made  at  New  Haven. 

Most  of  the  papers  contained  in  this  bulletin  represent  investigations 
which  are  complete  within  themselves.  The  work  done  b}"  Mr. 
Steiger  upon  the  silver  and  thallium  derivatives  of  the  zeolites,  how- 
ever, is  to  be  regarded  as  one  part  of  a  series  of  researches  upon  the 
constitution  of  the  silicates.  Some  parts  of  this  series  have  been 
already  published,  and  it  is  hoped  that  this  work  may  be  continued  in 
the  future.  The  field  to  be  covered  is  enormous  and  progress  within 
it  is  necessarily  slow.  Still,  the  results  obtained  so  far  are  definite  and 
significAnt,  especially  as  they  show  a  chemical  plasticity  among  the 
silicates  which  was  formerly  unsuspected. 

Some  of  the  items  of  more  than  ordinary  interest  to  be  found 
within  these  pages  are  as  follows:  Three  new  mineral  species— moren- 
cite,  coronadite,  and  plumbojarosite — are  described.     Natrojarosite, 
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although  not  absolutely  new,  is  now  thoroughly  established  as  a 
definite  mineral.  The  true  character  of  carnotite  is  shown  in  "Doctor 
Hillebrand's  research,  and  the  same  chemist  has  worked  out  more 
fully  than  his  predecessors  the  composition  of  yttrialite  and  its  rela- 
tions to  other  species.  Mr.  Schaller's  very  complete  study  of 
dumortierite  is  also  worthy  of  especial  mention,  and  his  notes  upon 
other  minerals  from  California  are  but  the  first  fruits  of  a  much 
larger  research  which  is  already  well  under  way. 
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ON  CARNOTITE  AND  ASSOCIATED  VANADIFEROUS  MINERALS 
IN  WESTERN  COLORADO. 


By  W.  F.  HiLLRBRAND  and  F.  L.  Ransome. 


IXTRODUCTION. 

By  W.  F.  HiLLEBRAND. 

The  rather  widespread  occurrence  in  western  Colorado  of  consider- 
able quantities  of  a  canary-yellow  ore  of  uranium  has  been  known  for 
a  few  years  past.  It  has  been  marketed  to  the  extent  of  a  few  tons, 
but  its  mineralogical  nature  was  unknown  or  incorrectly  surmised 
until  1899. 

In  the  spring  of  that  year  a  specimen  of  this  ore  first  reached  my 
hands  through  Dr.  George  P.  Merrill,  of  the  United  States  National 
Museum,  and  \.  as  soon  found  to  contain  a  mineral  or  minerals  new  to 
science.  Within  a  week  appeared  the  announcement  by  MM.  C.  Friedel 
and  E.  Cumenge**  of  a  new  mineral,  carnotite,  a  hydrous  vanadate  of 
umnium  and  potassium,  obtained  through  Mr.  Poulot  of  Denver,  from 
Roc  Creek,  Montrose  County,  Colo.  Mr.  Poulot  had  already  identi- 
fied vanadium  in  it.  It  was  at  once  seen,  despite  certain  differences 
in  composition,  that  the  two  were  identical. 

According  to  the  French  authors  the  mineral  is  of  simple  composi- 
tion, as  above  expressed,  with  only  a  little  iron  and  mere  traces  of 
Al,  Ba,  Cu,  Pb,  and  also,  according  to  M.  and  Mme.  Curie,  of  the 
radio-active  substances  radium  and  polonium.  The  empirical  formula 
2U,Os,  VjOj,  K^O,  3HjjO,  was  assigned  to  it,  some  doubt  attaching  to 
the  water. 

Since  then  I  have  been  able  to  examine  carnotite  from  several  local- 
ities in  western  Colorado,  finding  in  each  case  the  same  lack  of  agree- 
ment with  the  analyses  of  Friedel  and  Cumenge. 

While  I  was  engaged  in  this  work  my  attention  was  called  to  certain 
more  or  less  greenish  sandstones  from  the  vicinity  of  Placerville  on 
the  San  Miguel  River,  San  Miguel  County,  Colo.,  which  were  said  to 
be  highly  vanadif erous  and  of  considerable  extent,  and  in  which  a  zone 

oBull.  Soc.  Chlm.  de  Paris  (8),  xxi,  828, 1899:  Bull.  Soc.  Franc.  Min.,  xxli.  26, 1899;  Comptes  Rendus, 
cxzviti,  682, 1899;  Chemical  News,  Ixxx,  16, 1899.    The  papers  as  published  in  French  differ  slightly. 
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a  few  inches  thick  was  rather  strongly  impregnated  with  a  yellow 
mineral  resembling  and  probably  identical  with  carnotite.  This  min- 
eral appeared  also  scattered  through  the  sandstone  at  other  points  in 
sporadic  small  patches,  sometimes  visible  only  by  aid  of  a  lens. 

This  occurrence  led  to  the  thought  that  the  carnotite  bodies  farther 
west  might  also  be  associated  with  existing  or  dependent  on  preexist- 
ent  vanadiferous  sandstones.  For  the  carnotite  of  Montrose  and  Me^^a 
counties,  as  is  stated  by  the  French  authors,  occurs  mixed  in  all  pro- 
portions with  quartz-sand  grains,  the  remnants,  beyond  doubt,  of 
former  sandstone  bodies,  and  it  was  soon  recognized  that  in  the  car- 
notite bodies  the  vanadium  existed  in  two  conditions,  the  larger  part 
by  far  as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a 
smaller  and  sometimes  hardly  distinguishable  portion  as  trivalent  vana- 
dium in  a  much  less  soluble  silicate  which  was  free  from  uranium. 

It  was  hoped  that,  by  a  field  reconnaissance,  observations  bearing 
on  these  points  would  be  obtained  and  material  assembled  wliich  would 
on  analysis  help  to  determine  the  nature  and  explain  the  association  of 
these  two  entirely  different  classes  of  mineral  substances. 

The  field  and  microscopical  observations  of  Messrs.  liansome  and 
Spencer  are  embodied  in  the  pages  immediately  following  these  intro- 
ductory remarks.  Unfortunately  their  collections,  except  those  from 
Placerville,  came  to  hand  so  late  that  the  chemical  work  on  the  more 
western  occurrences  has  been  confined  to  the  carnotite  bodies  alone, 
specimens  of  which  were  already  in  my  hands.  Greenish  sandstones 
have  been  observed  by  Messrs.  Ransome  and  Spencer  in  those  regions, 
but  whether  any  of  them  are  highly  vanadiferous,  or  what  their  con- 
nection with  the  carnotite  may  be,  remains  yet  unknown.  The  only 
two  examined  did  not  owe  their  color  to  vanadium.  Meanwhile  the 
chemical  "results  thus  far  obtained  will  be  found  in  the  concluding  sec- 
tion of  this  paper. 

In  this  place  it  is  my  pleasure  to  record  my  appreciation  of  the 
readiness  with  which  the  following  gentlemen  have  supplied  me  with 
material  for  study:  Messrs.  Poulot  and  Voillequ^  of  Denver,  Mr.  A. 
B.  Frenzel  of  Placerville,  and  Mr.  J.  R.  Duling  of  Paradox.  These 
gentlemen  have  also  not  hesitated  to  give  me  all  information  at  their 
disposal  as  to  cccurrence  and  field  relations  of  these  interesting  ore 
bodies. 

OCCUURKNC  K  OF  TIIK  irRAXlirM  AND  VANADIITM  ORKS. 

By  F.  L.  Ransome. 
GENERAL  STATEMENT. 

In  the  autumn  of  18D9,  accompanied  by  Dr.  A.  C.  Spencer,  whose 
knowledge  of  the  stratigraphy  of  the  region  was  of  great  assistance, 
I  made  a  hasty  reconnaissance  trip  into  the  western  portions  of 
San  Miguel,  Montrose,  and  Mesa  counties,  near  the  UUih-Colorado 
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line.  The  primary  object  of  the  expedition,  in  accordance  with  a 
suggestion  from  Mr.  S,  F,  Emmons,  was  to  investigate  the  copper 
deposits  of  La  Sal  Creek,  Paradox  and  Sinbad  valleys,  and  the  vicinity, 
which  had  been  the  occasion  of  some  mining  excitement  a  few  months 
before.  A  memorandum  from  Dr.  W.  F.  Hillebrand,  received  just 
before  starting,  indicated  that  it  would  be  well  also  to  examine  certain 
prospects  on  which  some  preliminary  work  had  been  done,  looking 
toward  the  extraction  of  ores  of  uranium  and  vanadium.  It  is  to  these 
ores  that  the  present  notes  are  confined. 

The  most  convenient  way  of  reaching  Paradox  Valley  was  found  to 
be  the  stage  road,  which,  starting  from  Placerville,  a  settlement  and 
station  on  the  Rio  Grande  Southern  Railroad,  runs  by  way  of  Nor- 
wood, Shenandoah,  and  Naturita  to  Paradox,  a  distance  of  60  or  70 
miles.  The  region  can  also  be  reached  from  the  west  by  way  of 
Moab,  in  Utah. 

The  topography  of  the  region  west  of  Placerville  Ls  that  chamcter- 
istic  of  the  "mesa  country"  of  western  Colorado  and  southeastern 
Utah.  Broad  stretches  of  plateau  are  intersected  by  steep- walled 
canyons  and  cliff-encircled  valleys.  The  underlying  rocks  comprise  the 
'^Red  Beds"  of  the  Dolores  formation  "  (Triassic),  the  La  Plata  forma- 
tion (Jurassic),  the  McElmo  formation  (Jurassic),  the  Dakota  sand- 
stone (Cretaceous),  and  the  Mancos  shales  (Cretaceous).  Carbonif- 
erous rocks  occur  in  Sinbad  Valley,  and  a  series  of  gypsum-bearing 
shales  of  unknown  age  is  found  in  the  bottoms  of  Sinbad  and  Pamdox 
valleys,  but  as  the  ore  deposits  to  be  described  all  occur  in  the  beds  of 
the  La  Plata  and  McEhno  formations,  these  older  rocks  need  not  again 
be  referred  to.  The  sediments  making  up  these  various  formations 
lie  usually  nearly  horizontal,  but  they  are  sometimes  flexed  and  fre- 
quently faulted. 

In  all  of  the  prospects  examined  the  ore  of  uranium  occurs  in  the 
form  of  the  recently  described  bright-yellow  carnotite.  In  one  case 
this  is  intimately  associated  with  a  dull  olive-green  mineral  which, 
according  to  Doctor  Hillebrand,  is  either  identical  with,  or  very  closely 
allied  to,  the  vanadium-mica  roscoelite.  Deposits  of  one  or  both  of 
these  minerals  occur  widely  scattered  over  San  Miguel  and  Montrose 
counties,  Colo.,  and  in  the  Blue  Mountain  (Sierra  Abajo)  district  of 
southeastern  Utah;  but  only  a  few  of  the  known  deposits  wore  per- 
sonally examined. 

PLACERVILLE  DEPOSITS. 

These  are  essentially  vanadium  deposits,  and  occur  4,500  feet  nearl}' 
northeast  of  the  railway  station  near  Placerville,  and  about  1,000  feet 
above  the  San  Miguel  River.    The  lower  9(X)  feet  of  the  San  Miguel 

oThe  formation  names  used  in  these  notes  are  thorn*  adopted  by  Mr.  Whitman  Cross  in  the  text  of 
the  Telluride  folio  (folio  67),  of  the  U.  8.  (Geological  Survey.  The  reader  is  referred  to  this  folio  for 
fuller  descriptlona. 
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canyon  is  cut  in  the  characteristic  "Red  Beds "  of  the  Dolores  formation. 
Above  the  Dolores  comes  the  La  Plata  sandstone  in  typical  develop- 
ment, as  described  in  the  Telluride  folio,  viz,  two  heavy  beds  of  light- 
colored  sandstone,  separated  by  a  much  thinner  bed  of  dark  limestone. 
The  roscoelite  occurs  as  an  impregnation  in  the  lower  bed  of  the  La 
Plata  sandstone,  about  100  feet  above  the  base,  and  just  beneath  the 
bed  of  dark  limestone.  All  the  beds  at  this  point  are  pi^actically  hori- 
zontal. The  dark  green  vanadiferous  sandstone  occurs  in  a  nearly' 
continuous  band,  approximately  parallel  to  the  bedding  planes,  and 
varj'ing  in  thickness  from  a  few  inches  up  to  5  or  6  feet.  This  band 
extends  along  the  sandstone  cliflfs  for  an  estimated  distance  of  about 
2,000  feet.  The  roscoelite  more  or  less  thoroughly  impregnates  por- 
tions of  the  fine-grained  sandstone  which  constitutes  the  mass  of  the 
bed.  It  sometimes  makes  up  more  than  20  per  cent  of  the  vanadif- 
erous facies.  Normally  the  sandstone  of  this  lower  bed  of  the  La 
Plata  is  light  buff  in  color,  with  patches,  mottlings,  and  stripes  of  pale 
pink,  the  latter  color  being  apparently  due  to  small  amounts  of  ferric 
oxide.  But  when  richly  impregnated  with  roscoelite  this  light-colored 
sandstone  becomes  dark  olive-green,  the  contrast  being  most  marked 
when  the  cliffs  are  wet.  Although  fairly  continuous  for  the  distance 
stated,  this  zone  of  vanadiferous  sandstone  is  by  no  means  regular. 
It  varies  much  in  thickness,  and  in  one  place  splits  into  two  or  more 
branches.  At  some  points  two  or  more  distinct  streaks  of  roscoelite- 
bearing  sand  were  found  at  different  horizons  in  the  main  sandstone 
bed.  The  carnotito  is  not  nearly  so  abundant  as  the  roscoelite  at  this 
locality.  It  occurs  as  minute  yellow  specks  in  the  sandstone,  and  par- 
ticularly as  thin  horizontal  seams  or  streaks  near  the  bottom  of  the 
vanadiferous  zone. 

The  work  thus  far  done  on  the  several  claims  which  have  been 
located  along  these  deposits  is  of  the  most  superficial  chai*acter.  On 
the  Canary  claim  Mr.  A.  B.  Frenzel  has  run  a  tunnel,  about  18  feet 
long,  which  exposes  a  typical  section  of  the  impregnated  zone.  The 
roof  of  the  tunnel  is  formed  by  the  under  side  of  the  bed  of  dark  lime- 
stone previously  referred  to.  This  limestone  is  underlain  by  a  few 
inches  of  sandy  limestone  which  passes  into  the  light-buff  La  Plata 
sandstone  without  break.  The  latter  contains  abundant  calcite  as  a 
cement  or  matrix  for  the  sand  grains.  At  a  distance  of  a  foot  below 
the  limestone,  the  sandstone  shows,  on  close  inspection,  numerous 
specks  of  carnotite  and  gives  a  qualitative  reaction  for  vanadium 
(Hillebrand).  Examined  in  thin  section  under  the  microscope,  this 
portion  of  the  bed  shows  a  fine-grained  homogeneous  sandstone,  in 
which  well-rounded  grains  of  quartz  are  held  together  by  a  rather 
abundant  matrix  of  calcite.  The  calcite  is  crystallized  as  a  fine  granu- 
lar aggregate  and  includes  small  indeterminable  particles  of  various 
kinds.  Many  of  the  quartz  grains,  as  seen  in  section,  are  entirely 
surrounded  by  calcite,  and  so  isolated  from  adjacent  grains.     A  pale 
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lemon-yellow  substance  occurs  sporadically  in  the  section  as  an  inter- 
stitial material  between  the  quartz  grains.  This  is  probably  the  car- 
notite,  which  was  seen  as  small,  yellow  specks  in  the  hand  specimen. 
It  is  very  minutely  crystalline,  recalling  the  habit  of  some  obscure 
chloritic  aggregates  in  decomposed  igneous  rocks,  and  is  too  indistinct 
for  successful  optical  study.  Small  crystal  grains  of  zircon  are  scat- 
tered through  the  sandstone,  and  are  readily  concentrated  in  the  resi- 
due after  treating  with  hydrofluoric  acid. 

Within  the  next  2  feet  below  the  zone  where  it  exhibits  the  fore- 
going facies,  the  sandstone  becomes  pinkish  in  consequence  of  the 
pre«^nce  of  ferric  oxide,  and  in  this  pinkish  rock  the  lens  fails  to 
reveal  any  roscoelite  or  carnotite.  But  just  below  the  pink  zone  the 
sandstone  begins  to  show  yellow  and  green  specks.  The  latter  espe- 
cially become  more  numerous  and  larger,  until  at  from  3  to  4  feet 
below  the  limestone  the  sandstone  has  a  decided  green  tint.  Farther 
downward  this  deepens,  until  near  the  floor  of  the  tunnel  the  sandstone 
is  a  uniform  deep  olive-green.  This  green  rock  is  rich  in  roscoelite 
(over  20  per  cent)  and  shows  many  small  yellow  specks  of  carnotite. 
This  is  regarded  as  the  first-class  ore,  and  the  chief  value  of  the  deposit 
is  supposed  to  be  in  its  vanadium,  the  uranium  being  very  subordinate. 
In  this  respect  the  Placerville  deposit  differs  from  those  on  La  Sal  and 
Roc  creeks,  presently  to  be  described,  where  the  mineral  sought  for 
and  occurring  most  abundantly  is  carnotite. 

Thin  sections  of  the  green-spotted  sandstone,  when  examined  micro- 
scopically, resemble  those  of  the  light-buff  sandstone  just  above  it,  as 
far  as  character  of  quartz  grains  and  relative  abundance  of  matnx  are 
concerned.  But  the  character  of  the  matrix  or  cement  is  different. 
Calcite  is  much  less  abundant  and  its  place  is  largely  taken  by  roscoe- 
lite. This  is  grass-green  in  thin  section,  and  might  readily  be  mis- 
taken for  indistinct  wisps  and  areas  of  chlorite.  It  sometimes  forms 
a  distinct  envelope  around  the  quartz  grains,  showing  an  indistinct 
foliated  or  fibrous  structure,  with  the  fibers  normal  to  tlie  surface  of 
the  grains. 

The  uniformly  dark-green  sandstone,  richest  in  roscoelite,  does  not 
effervesce  with  acids  and  shows  no  calcite  cement  in  thin  section. 
The  usual  quartz  grains  are  held  together  by  roscoelite.  This  is  crys- 
talline, but  the  highest  available  powers  show  only  an  indistinct  and 
minute  foliation,  such  as  may  be  observed  in  some  very  finely  crys- 
tallized chlorites. 

Close  to  the  floor  of  the  tunnel  is  a  fairly  regular,  nearly  horizontal 
streak  of  carnotite,  varying  in  width,  but  usually  less  than  an  inch 
wide,  and  showing  noticeable  diminution  in'  thickness  in  the  face  of 
the  tunnel.  This  small  seam  is  not  solid  carnotite,  but  is  merely  a 
zone  in  the  sandstone  impregnated  with  the  bright-yelloW  uranium 
mineral.  It  is  not  nearly  so  continuous  as  the  main  vanadiferous  belt, 
and  was  seen  only  at  thre^  or  four  places  along  the  outcrop  of  the 
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belt,  which  extcndn  for  a  distance  of  about  2,000  feet.  When  this 
seam  is  closely  examined  it  is  seen  that  narrow  bands  rich  in  carnotite 
alternate  with  green  bands  carrying  ipostly  roscoelite.  There  is  also 
usually  present  a  seam  of  almost  pure  quartz,  generally  about  an 
eighth  of  an  inch  in  thickness,  though  often  thicker.  The  microscope 
shows  it  to  be  a  true  quartzite,  in  which  the  original  rounded  detrital 
grains  of  quartz  have  been  cemented  by  fresh  quartz  in  optical  conti- 
nuity with  the  older  granules.  A  similar  quartzite  occurs  in  the 
green  vanadif erous  sandstone  above  the  carnotite,  where  it  forms  con- 
cretionary knots  and  nodules.  It  was  not  noted  in  the  buff  sandstone, 
however,  where  the  cementing  material  is  calcite. 

Immediately  below  the  carnotite  seam  there  is  a  parting  or  ''floor" 
in  the  sandstone,  probably  originally  a  very  thin  layer  of  shale,  which 
forms  the  working  floor  of  the  tunnel.  The  sandstone  below  this 
floor  is  plainly  impregnated  for  a  short  distance  with  roscoelite,  but 
the  thin  shale  seam  is  regarded  as  the  practical  bottom  of  the  deposit. 

The  questions  of  the  origin  and  actual  extent  of  this  deposit  are 
closely  related  and  are  of  much  interest  Their  discussion  will  be 
deferred  until  the  other  deposits  visited  have  been  described. 

Some  distance  below  the  Placerville  vanadium  deposit  a  zone  of 
green  sandstone,  presumably  belonging  to  the  Dolores  formation,  was 
observed.  This  color  is  a  somewhat  brighter  green  than  that  of  the 
vanadiferous  sandstone  higher  up  the  slope.  As  there  are  some  cop- 
per prosjKJcts  near  by,  from  which  ore  has  be«n  taken,  this  was  sup- 
posed to  be  a  copper  stain.  Qualitative  tests  by  Doctor  Hillebrand 
show,  however,  that  the  color  is  due  to  a  compound  of  chromium. 

Similar  green  sandstones  occur  on  the  western  side  of  Sinbad  Valley 
in  what  is  apparently  the  La  Plata  formation,  and  were  originally 
supposed  to  be  impregnated  with  roscoelite.  Doctor  Hillebrand's 
investigations,  however,  show  that  they  too  owe  their  color  to  some 
chromium  mineral.  These  occurrences  are  interesting  as  showing 
that  a  green  color  in  sandstones  may  result  from  various  causes,  and 
that  even  a  bright  green  tint  can  not  be  taken  as  an  infallible  indica- 
tion of  copper. 

LA  SAL  CREEK  DEPOSITS. 

These  occur  in  the  extreme  western  portion  of  Montrose  County, 
southwest  of  Paradox,  and  about  6  miles  up  La  Sal  Creek  from  Cashin. 
They  are  reached  by  trails  from  Paradox  Valley  and  from  Cashin. 
The  deposits  are  on  the  south  side  of  La  Sal  Creek  and  about  700  feet 
above  the  stream. »  They  occur  for  a  distan(*e  estimated  at  more  than 
a  quarter  of  a  mile,  along  the  sandstone  cliffs  which  descend  from  the 
mesa  into  the  cany(m  of  La  Sal  Creek,  and  only  a  few  feet  below  the 
level  of  the  mesa  surface. 

In  the  a])sence  of  continuous  stratigraphic  work,  it  is  impossible 
to  correlate  (certainly  and  finally  the  rocks  on  I^a  Sal  Creek  with  the 
divisions  established  ])y  Cross  and  Spencer  in  the  Telluride  quadrangle, 
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which  lies  just  east  of  this  area.  It  seems  probahle,  however,  that  the 
La  Plata  sandstone  attains  a  much  greater  thickness  in  this  portion  of 
western  Colorado  than  it  does  between  Telluride  and  Placerville.  The 
limestone  bed,  so  characteristic  a  feature  of  the  formation  near  Placer- 
ville and  farther  east,  is  not  uniformly  present  in  this  western  region, 
and  the  La  Plata  sandstone  (Variegated  beds,  in  part,  of  the  Hayden 
survey)  is  not  always  readily  differentiated  from  the  underlying 
Dolores  formation  (Red  Beds).  For  a  vertical  distance  of  about  400 
feet  above  the  bed  of  La  Sal  Creek  the  rock  is  a  heavy-bedded,  rather 
fine-grained,  light-colored  sandstone,  which  is  considered  by  Doctor 
Spencer  to  be  the  La  Plata.  Above  this  come  thinner-bedded  sand- 
stones, with  some  conglomerates  and  shales,  which  are  included  in  the 
McElmo  formation.  It  is  in  this  upper  series  that  the  uraniferous 
deposits  occur.     All  the  beds  are  here  approximately  horizontal. 

As  revealed  by  numerous  small  openings  near  the  crest  of  the  bluff, 
the  carnotite,  which  is  the  material  here  sought,  is  found  chiefly  in  a 
massive  bed  of  nearly  white  sandstone.  Some  of  the  ore,  however, 
lies  between  the  sandstone  and  a  lower  bed  of  light-gray  shale. 
Although  the  prospecting  openings  all  lie  at  about  the  same  level 
along  the  cliffs,  the  deposit  is  not  nearly  so  regular  as  the  vanadif  erous 
band  near  Placerville. 

The  carnotite  of  La  Sal  Creek  occurs  as  irregular,  bunchy  ''pockets" 
in  the  sandstone,  or  along  the  contact  of  the  sandstone  with  the  under- 
lying shale.  These  have  all  the  appearance  of  being  impregnation 
dei>osits,  the  solutions  carrying  the  uranium  compounds  having  depos- 
ited the  ore  wherever  they  found  ready  passage  through  the  rock — usu- 
ally along  bedding  planes.     No  roscoelite  was  seen  with  the  carnotite. 

The  most  remarkable  and  interesting  fact  in  regard  to  the  La  Sal 
Creek  deposits  is  their  very  superficial  character.  The  ore  bodies  are 
usually  flat-lying  streaks,  a  few  inches  thick,  which  grade  above  and 
below  into  the  common  light-buff  sandstone,  and  which  die  out  and 
disappear  when  followed  into  the  hillside.  In  tunnels  that  run  but  a 
few  feet  underground  the  yellow  impregnation  of  carnotite  can  be  seen 
gi"adually  to  die  out  an4  to  be  succeeded  by  light-colored  sandstone, 
showing  no  trace  of  the  mineral.  It  is  doubtful  whether  any  appre- 
ciable quantity  of  carnotite  occurs  as  much  as  20  feet  from  the  surface, 
on  any  of  the  locations,  although  this  distance  is  given  from  memory 
and  not  from  measurements  on  the  ground.  As  before  stated,  the 
impregnation  has  usually  taken  place  along  bedding  planes;  it  has  also 
proceeded  along  surfaces  of  minor  and  superficial  movement  in  the 
rocks.  In  one  case  it  was  observed  that  a  portion  of  the  overlying 
sandstone  had  moved  upon  the  underlying  shales,  the  disturbance  being 
apparently  a  superficial  one,  of  a  kind  commonly  enough  observed 
where  massive  beds  rest  on  yielding  shales  on  a  steep  hillside.  In 
other  words,  the  movement  appeared  to  be  directly  related  to  the 
present  topography.     7'he  carnotite  was  here  deposited  subsetjuent  to 
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the  movement  and  had  filled  the  small  openings  and  dislocations  in  the 
shale  caused  by  this  very  recent  disturbance.  It  was  reported  that 
some  of  the  best  nests  of  ore  had  been  found  in  '*  slide  rock,"  i.  e., 
rock  which  had  slipped  to  some  extent  down  the  slope;  but  I  was 
unable  to  verify  this  statement  further  than  is  indicated  in  the  pre- 
ceding description.  There  can  be  little  doubt  that  the  deposits  of  car- 
notite  on  La  Sal  Creek  are  not  only  very  superficial  in  character  but 
very  recent  in  age. 

ROC  CREEK  DEPOSIT. 

The  principal  claim  is  the  Copper  Prince,  owned  by  J.  R.  Duling, 
on  the  north  side  of  Roc  Creek,  3  or  4  miles  above  its  mouth,  and  near 
the  foot  of  the  Miller  trail  to  Paradox.  It  is  reached  by  this  trail  from 
Paradox  Valley,  or  by  trail  from  Hydraulic  on  the  Dolores  River. 
This  deposit  is  in  the  La  Plata  sandstone,  according  to  Doctor  Spen- 
cer's observations,  and  has  been  more  extensively  exploited  than  any 
other  seen.  The  sandstone,  which  at  this  point  is  nearly  horizontal^ 
is  cut  by  an  east- west  fault,  the  fault  plane  dipping  north  at  about  70°. 
The  amount  and  character  of  the  throw  could  not  be  determined.  It 
is  probably  less  than  50  feet.  The  carnotite  occurs  in  the  hanging  wall 
of  the  fissure  as  small  irregular  branches  in  a  loose  mass  of  crushed 
sandstone  and  also  as  an  impregnation  of  some  of  the  firmer  portions 
of  the  bed.  No  roscoelite  was  seen.  Several  small  tunnels  have  been 
run  in  on  the  hanging  wall  side  of  the  fissure  (which  itself  carries  no 
vein  or  ore-body),  but  they  had  been  securely  closed  by  planking,  and 
no  examination  of  their  inner  ends  could  be  made.  I  am  thus  unable 
to  tell  what  changes  the  deposit  would  show  if  it  could  be  followed 
inward  from  the  surface.  A  few  hundred  pounds  of  picked  carnotite 
ore  has  been  shipped  from  this  claim  and  is  reported  to  have  sold  for 
$1.25  a  pound  in  Denver.  This  deposit  is  similar  in  character  to  others 
examined,  except  that  in  this  case  a  well-defined  fault  has  provided  a 
zone  of  crushed  and  porous  rock  in  the  hanging  wall,  along  which 
impregnation  could  take  place.  A  few  hundred  feet  farther  west  the 
crushed  sandstone  adjoining  the  fault  has  been  impregnated  with 
cupriferous  solutions  and  is  spotted  with  stains 'Of  the  blue  and  green 
carbonates  of  copper. 

OTHER  DEPOSITS. 

It  is  known  that  several  carnotite  claims  have  been  located  in 
(jypsum  Valley  in  what  is  known  as  the  Disappointment  district. 
The  impregnated  sandstone  is  said  to  cap  a  hill  and  to  constitute  an 
extensive  deposit,  but  it  was  not  visited.  Carnotite  is  also  reported 
from  the  Blue  Mountain  district,  but  I  have  no  personal  knowledge  of 
these  occurrences.  It  seems  highly  probable  that  the  material  will 
be  found  widely  distributed  in  the  Mesozoic  sandstones  of  western 
Colorado  and  eastern  Utah,  although  perhaps  nowhere  in  very  exten- 
sive bodies. 
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ORIGIN  OF  THE   DEPOSITS. 

That  the  bodies  of  carnotite  and  roscoelite  were  formed  subsequently 
to  the  deposition  of  the  sandstones  is  evident  from  the  facts  presented 
in  the  preceding  pages.  It  is  equally  plain  that  the  minerals  could  not 
have  resulted  from  the  alteration,  in  place,  of  other  compounds  of 
vanadium  and  uranium  originally  contained  in  the  sands.  The  shape 
and  position  of  the  deponits  indicate  clearly  that  the  ores  have  been 
brought  to  their  present  position  by  transportation.  Moreover,  the 
recency  of  the  deposits  and  the  fact  that  they  are  sometimes  directly 
connected  with  faults  and  dislocations  in  the  sandstones  show  that  the 
vanadium  and  uranium  compounds  could  not  have  been  the  original 
cementing  material  of  the  quartz  grains,  but  in  all  probability  they 
have  locally  replaced  the  calcite  that  acts  as  matrix  to  the  ordinary 
light-colored  sandstone  in  which  the  ore  bodies  occur.  The  deposits 
of  roscoelite  appear  to  be  comparable  to  impregnations  formed  in 
sandstones  by  cupriferous  solutions — such  impregnations  as  may  be 
seen  at  many  places  in  this  region,  particularly  on  La  Sal  Creek  near 
Cashin  and  in  Sinbad  Valley — whereby  the  sandstone  becomes  colored 
bright  green  with  carbonate  of  copper.  In  these  places,  however,  the 
copper  appears  to  have  been  previously  deposited  in  part  as  chalcocite. 
An  analogy  might  also  be  drawn  with  the  green  chromiferous  sand- 
stone near  Placerville,  already  referred  to.  In  all  these  cases  the 
actual  sources  of  the  materials  which  have  been  deposited  by  solu- 
tions in  their  present  position  are  not  known.  Doctor  Hillebrand 
has  shown,**  however,  that  vanadium  in  small  amounts  is  widely  dis- 
tributed in  sandstones,  limestones,  and  igneous  rocks.  It  is  perhaps 
present  in  very  small  amounts  throughout  the  sandstone,  and  the 
deposits  described  may  simply  represent  a  concentration  of  this  mate- 
rial under  certain  favorable  conditions  of  solution  and  redeposition. 

In  the  absence  of  exploitation  it  is  manifestly  impossible  to  predict 
the  probable  shape  and  size  of  ore  bodies  formed  in  this  manner. 
The  roscoelite  seen  near  Placerville  appears,  however,  to  be  much 
more  persistent  than  the  carnotite.  There  is  no  apparent  reason  why 
a  mass  of  sandstone,  impregnated  with  roscoelite,  which  is  continu- 
ously exposed  for  seveiul  hundred  feet  along  a  cliff,  should  not  extend 
for  a  considerable  distance  inward  from  the  cliff  face.  The  carnotite, 
on  the  other  hand,  appears  to  be  of  much  more  superficial  occurrence, 
and  its  connection  with  the  present  surface  of  the  ground  is  not  yet 
fully  understood.  This  would  indicate  that  the  carnotite  results  from 
a  local  concentration  of  material  already  existent  in  the  sandstone,  and 
the  deposition  of  this  material  in  the  form  of  carnotite  under  condi- 
tions determined  by  proximity  to  the  surface,  and  probably  partly 
dependent  upon  a  semiarid  climate. 


1  Am.  Jour.  Sci.,  4th  ser.,  vol.  6,  1898,  pp.  'J0^216. 
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CUBMICAL  ANALYSES  AND  DISCUSSION. 

By  W.  F.  HiLLBBRAND. 

I.  GREEN  COLORING  CONSTITUENT  OF  PLACERVILLE  SANDSTONE. 

As  noted  by  Doctor  Ransome,  the  greener  the  sandstone  the  greater 
has  been  the  replacement  of  the  calcareous  cementing  material  by  the 
crystalline  vanadiferous  mineral.  Fortunately,  the  greenest  available 
specimen  was  entirely  free  from  carbonate,  and  this  was  used  for 
anal^^sis,  10  grams  being  taken  for  the  main  portion. 

The  green  substance  was  but  slightly  attacked  by  cold  acids  and  not 
mpidly  by  hot  ones,  nevertheless  after  from  twelve  to  twenty-four 
hours' digestion  on  the  water  bath  with  diluted  nitric  acid  the  greenish 
color  had  been  transferred  to  the  liquid,  the  residue  of  sand  was  nearly 
white,  and  a  rather  voluminous  separation  of  nongelatinous  silica  had 
taken  place.  The  filtration  and  washing  of  the  insoluble  matter  was 
accomplished  without  diflSculty.  The  free  silica  in  it  was  extracted  by 
two  or  three  digestions  of  fifteen  minutes  each  on  the  water  bath  with 
sodium  carbonate  solution  of  5  per  cent  strength.  The  flocculent  matter 
had  entirely  disappeared  and  the  sandy  residue  was  collected  in  a  Gooch 
crucible  and  washed  with  hot  podium  carbonate  solution,  followed  by 
very  dilute  nitric  acid,  and  finally  by  alcohol,  to  prevent  turbid  filtra- 
tion. Drying  of  the  sand  was  effected  by  allowing  the  pump  to  draw 
air  through  the  crucible  until  no  further  loss  in  weight  resulted. 

The  water  in  the  sand  was  then  determined  at  105°,  at  300^,  and 
above  300*^.  Similar  water  determinations  having  been  made  on  the 
unattacked  substance,  the  differences  gave  the  water  expelled  at  those 
temperatures  from  the  soluble  part. 

The  sodium  carbonate  solution  was  acidified,  evaporated,  and  fil- 
tered, and  the  filtrate  again  evaporated,  to  recover  the  last  of  the  silica. 
To  this  was  added  a  very  small  portion  which  the  nitric-acid  extract 
of  the  sandstone  held  in  solution.  The  sum  represents  the  total  silica 
of  the  decomposed  portion  of  the  sandstone. 

The  further  analysis  of  the  nitric  solution  presented  difliculty 
because  of  the  vanadium  it  contained.  It  was  carried  out  in  a  variety 
of  wa^'s,  of  which  the  following  seemed  to  be  most  satisfactory: 

Barium  was  first  precipitated  by  sulphuric  acid  and  subsequently 
separated  from  traces  of  lead,  calcium,  and  vanadium.  Hydrogen 
sulphide  then  threw  out  further  traces  of  lead  and  copper  with  much 
sulphur  from  reduction  of  V^Oj  to  V,0^.  After  evaporation  of  the 
filtrate  to  reoxidize  vanadium  and  iron,  the  alumina,  iron,  and  trace 
of  uranium  with  much  vanadium  were  separted  from  the  calcium, 
magnesium,  and  alkalies  by  three  precipitations  by  ammonia  solution. 
The  combined  filtrates  were  evaporated  and  ignited,  the  residue  was 
tmnsferred  to  a  ])orcelain  boat  with  nitric  acid,  evaporated  therein  to 
complete  dryness,  and  exposed  in  a  glass  tube  to  a  current  of  dry 
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hydrochloric-acid  gas,  as  recommended  by  Smith  and  Hibbs*'  for  the 
expulsion  of  vanadium  from  alkaline  vanadates.  The  removal  of 
vanadium  being  incomplete,  the  contents  of  the  boat  were  again 
evaporated  with  nitric  acid  and  again  distilled,  and  these  operations 
were  repated  till  no  further  evidence  of  a  brown  distilate  appeared. 
The  boat  now  contained  only  magnesium  and  alkalies  with  a  little 
calcium.  The  distillates,  containing  all  the  vanadium  that  was  in  the 
boat,  had  been  collected  in  U -tubes  charged  with  water,  and  were 
eventually  obtained  in  sulphuric  solution  for  further  treatment  by 
evaporating  with  sulphuric  acid  in  porcelain. 

The  precipitate  of  AljO,,  etc.,  was  dissolved  in  nitric  acid,  evap- 
orated almost  to  dryness  in  platinum,  and  boiled  with  sodium-hydrox- 
ide solution.  These  operations  were  repeated  on  the  precipitate  after 
filtration.  The  iron  and  titanium  thus  purified  were  redissolved,  pre- 
cipitated by  ammonia,  weighed,  redissolved  by  acid  potassium  sulphate, 
and  the  ferric  iron  was  reduced  by  hydrogen  sulphide  and  titrated  with 
permanganate  after  boiling  out  the  reducing  agent.  The  titanium 
was  then  found  colorimetrically  b}'  hydrogen  peroxide. 

The  combined  alkaline  filtrates  were  heated  with  excess  of  ammo- 
nium nitrate  to  separate  alumina  from  most  of  the  vanadium.  The 
precipitate  was  redissolved  in  nitric  acid,  reprecipitated  by  ammonia, 
then  ignited  and  weighed  and  redissolved  by  acid  potassium  sulphate. 
The  sulphuric  solution  was  reduced  by  hj^drogen  sulphide,  boiled  and 
filtered  from  platinum  sulphide,  again  boiled  in  a  current  of  carbon 
dioxide,  and  titrated  hot  with  permanganate.  Sulphur  dioxide  gas  was 
then  introduced,  boiled  out  in  a  current  of  carbon  dioxide,  and  the 
titration  repeated,  this  second  result  being  taken  as  representing  the 
VjOi  equivalent  to  the  V,Oj  that  still  contaminated  the  Al^O,.  Deduct- 
ing the  VjOb  thus  found  from  the  combined  weight  of  AljO,  and  Vfi^ 
gave  the  AljO,  of  the  soluble  constituent  of  the  sandstone. 

The  combined  filtrates  from  the  alumina  were  evaporated  and  ignited 
to  remove  ammoniacal  salts;  the  residue  was  converted  to  sulphates 
and  united  with  the  earlier  solution  of  vanadium  sulphate.  The 
vanadium  in  it  was  then  determined  precisely  in  the  manner  already 
described,  and  when  added  to  that  found  with  the  alumina  and  calcu- 
lated to  VjO,  gave  the  total  in  the  sandstone. 

A  check  was  made  by  dissolving  the  sandstone  in  hydrofluoric  and 
sulphuric  acids  in  a  current  of  carbon  dioxide  and  titrating  the  VjO, 
with  permanganate.  The  figure  thus  obtained  was  a  trifle  below  that 
found  as  above  detailed,  and  this  is  to  be  attributed  to  the  presence  of 
a  very  little  vanadium  as  V^Og  in  carnotite,  and  probably  as  a  lead 
vanadate.  All  the  uranium  and  most  of  the  trifling  amount  of  lead 
could  be  extracted  by  cold  dilute  nitric  acid,  showing  that  they  were 
foreign  to  the  green  substance. 


a  Jour.  Am.  Chem.  Soc.,  vol.  16,  1894,  p.  578. 


Digitized  by  VjOOQ IC 


20 


CONTRIBUTIONS   TO   MINEBALOGT. 


[BULL.  262. 


It  is  preferable  to  regard  iron  as  in  the  ferric  rather  than  the  fer- 
rous state;  otherwise  an  equivalent  amount  of  vanadium  would  have 
to  be  considered  as  VjOj,  for  which  there  is  no  occasion.  It  is  quite 
possible  that  the  iron  is  in  part,  if  not  wholly,  foreign  to  the  green 
matter,  for  it  would  be  surprising  to  find  an  exposed  sandstone  free 
from  ferric  oxide. 

If  the  iron  is  disregarded  as  probably  extraneous,  the  ratios  given 
below  afford  the  following  empirical  formula: 

II3H    ^  If  A    I^    8f    I^      6ie    ^h%t    ^1776' 

or,  H3..  R',.,  R",.  R'\,.  (SiO,)„,  (Si,0.)... 
Simplified,  this  is  H,o  R',o  R"*  R^'ei  X,,.,. 

In  view  of  the  fact  that  the  mineral  is  probably  not  perfectly  pure 
and  of  the  uncertainties  affecting  the  amount  of  water  to  be  considered, 
etc. ,  the  a6ove  affords  a  close  approach  to  the  typical  phengitic  mus- 
covite  formula,  H^RR'^jX,,  in  which  X  comprises  the  groups  SiO^ 
and  SijOg. 


Soluble  in  nitric  acid: 

SiO, 

TiO, 

VA 

AlA 

Fe,0, 

CaO 

BaO 

MgO 

K,0..... 

Na,0 

H,Oatl05*» 

H,0  at  105°-300*» . 
H,0  above  300*»  .. 

UO, 

PbO 

VA 

Insoluble  in  nitric  acid 

Quartz,  etc 

H,Oatl06*» 

H,0  above  105*»  .. 


Sandstone. 


Ratios. 


I 


12.56 

.02 

«3.50 

6.15 
.20 
.12 
.37 
.25 

2.41 
.06 
.54 
.14 
.97 
.05 
.06 
.05 

6  72. 24 
.04 
.20 


99.93 


> 


305 


0.763 

.0846^ 

.2206J 

.0046 

.0078] 

.OOSsl  .039 

.0228] 

•^1.097 
.0035/ 

.1100 

.0283 

.1978    .198 


Silicate. 


46.06 

12.84 
22.55 

.73 

.44 
1.35 

.92 
8.84 

.22 
1.98 

.51 
3.56 


100.00 


Ro0coelite. 


45,17 

.78 

24.01 

11.54 

FeO1.60 


1.64 

10.37 

.06 

.40 

.17 

4.12 


99.86 


a  Oxidation  by  permanKanate  of  the  HFl  and  HsSOi  nolution  of  the  sandstone  indicated  3.43  per 
cent  VsO,  (mean  of  3.60,  3.32.  3.48,  3.43). 

''Containing  about  6f>  per  cent  SiO,,  7  per  cent  AltOj  (Fe^gTiO,)  and  about  0.3  per  cent  of  drcon 
and  other  minerals  not  decomposed  by  repeated  evaporations  with  HFl  and  H1SO4. 

Traces  of  Li,  Cu,  Mo,  Bi.     No  CI,  SOa,  or  PA- 
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An  attempt  to  satisfactorily  distribute  the  constituents  among  differ- 
ent chemical  molecules  would  be  futile,  since,  for  instance,  we  do  not 
know  whether  to  ascribe  the  barium  to  a  biotite  or  muscovite  molecule, 
but  the  close  approach  to  the  muscovite  ratio  leaves  little  room  to 
doubt  the  character  of  the  body>  Notwithstanding  the  chloritic  aspect 
of  the  mineral  under  the  microscope,  the  analysis  shows  that  it  can  not 
be  a  chlorite,  and  we  have  undoubtedly  to  do  with  a  body  closely 
related  to  the  mica  roscoelite,  wherein,  however,  the  percentage  pro- 
portions of  AljO,  and  VjO,  are  reversed,  thus  affording  a  further 
striking  example  of  the  mutual  replaceability  of  these  two  oxides. 

For  comparison,  the  latest  analysis  of  roscoelite  from  Placerville, 
Cal.,  is  included  in  the  above  table.  Peculiar,  though  unimportant, 
is  the  coincidence  that  the  only  two  known  localities  for  this  mineral 
should  bear  the  name  Placerville. 

II.  QREEN  SANDSTONE  COLORED  BY  CHROMIUM. 

Other  sandstones  that  were  a  much  brighter  green  than  the  vana- 
diferous  one  were  observed  and  collected  by  Doctor  Kansome,  both 
at  Placerville  and  60  miles  distant  in  Sinbad  Valley.  The  color  sug- 
gested a  salt  of  copper  as  its  cause,  but  analysis  showed  it  to  be  due 
to  chromium.  Time  has  not  been  found  to  determine  the  nature  of 
this  coloring  body.  It  is  very  diflScultly  soluble,  and  thus  presents 
greater  hindrance  to  analysis  than  did  the  vanadium  compound.  It 
would  be  interesting  to  find  that  it  is  a  micaceous  mineral  analogous 
to  the  one  just  described.  Under  the  microscope  it  presents  a  chlo- 
ritic appearance  (Ransome).  If  opportunity  offers,  the  problem  of  its 
nature  may  yet  be  attacked. 

In  still  another  greenish  sandstone  from  the  west  bank  of  the 
Dolores  River,  near  the  mouth  of  La  Sal  Creek,  analysis  failed  to 
show  either  vanadium  or  chromium. 

IIL  CARNOTITE  ORES. 
OPTICAL   EXAMINATION. 

Dr.  George  P.  Merrill  has  kindly  submitted  the  following  notes: 

The  camotite  powder  appears  ander  the  microecope  in  the  form  of  exceedingly 
minnte  dost-like  particlee  withont  crystal  outlines  and  acting  so  faintly  on  polarized 
light  as  to  at  first  seem  almost  amorphous.  Much  of  the  matter  appears  merely  as 
a  fine  brownish  clay,  stained  yellow  by  an  amorphous  pigment,  but  occasionally  a 
well-defined  fragment  of  a  light-yellow  translucent  mineral  is  seen,  which  doubtless 
represents  the  vanadium  compound  in  its  condition  of  ideal  purity. 

Working  over  a  considerable  amount  of  the  powder  I  have  found  occasional  clus- 
ters of  this  yellow  mineral  in  the  form  of  flattened  radiating  crystals  with  pyram- 
idal terminations  which  are  without  evident  pleochroism,  polarize  only  in  dull 
colors,  and  give  extinctions  always  parallel  to  the  axis  of  elongation.  These  are  so 
minute  (not  over  0.25  nmi.  in  length)  and  so  thin  that  I  have  never  been  able  to 
find  a  crystal  so  oriented  aa  to  give  an  opportunity  of  determining  its  exact  char- 
acter, and  I  can  only  say  that  the  general  shape  is  such  as  to  suggest  a  hexagonal 
minmul,  though  thia  is  by  no  means  certain. 


Digitized  by  VjOOQIC 


22  C0NTKIBUTI0N8   TO   MINEBALOGT.  [bull.262. 

CHEMICAL  EXAMINATION   OF  CARNOTITE  ORES. 

The  chemical  problems  involved  in  the  analysis  of  the  carnotite  ores 
were  peculiarly  intricate.  Ideal  material  was  quite  unobtainable  and 
mechanical  separation  was  impossible.  The  first  specimen  received 
happened  to  be  of  higher  grade  than  any  of  the  subsequent  ones,  con^ 
taining  about  5  per  cent  of  sand  grains  and  showing  only  very  faint 
delicate  reddish  tracings,  indicative  of  some  foreign  iron  mineral.  In 
mass  it  was  of  a  beautiful  canary-yellow  color  and  easily  broken 
down  by  pressure.  Other  specimens  were  more  coherent,  the  degree 
depending  altogether  on  the  extent  to  which  the  sandstone  had  been 
impregnated  and  altered,  and  they  sometimes  showed  more  of  the 
peculiar  reddish  admixture. 

A  fact  only  suspected  in  making  the  first  analysis  was  confirmed  by 
subsequent  work  on  lower-grade  ores,  namely,  that  the  vanadium  existed 
in  two  conditions,  in  entirely  distinct  minerals,  the  greater  part  by  far 
as  pentavalent  vanadium  in  the  easily  soluble  carnotite,  and  a  smaller, 
much  less  soluble  portion,  almost  vanishing  in  the  purest  ores,  in  the 
trivalent  state  as  a  constituent  of  a  silicate  free  from  uranium.  This 
observation  explained  the  statement  of  Messrs.  Poulot  and  Voillequ^ 
that  they  had  found  the  low-grade  ores  relatively  richer  in  vanadium, 
as  compared  with  uranium,  than  the  high-grade  ores. 

While  the  carnotite  dissolves  at  once  in  cold  dilute  nitric  acid, 
unfortunately  the  vanadiferous  silicate  is  not  quite  insoluble,  hence 
arose  an  important  diflSculty  in  the  way  of  arriving  at  the  true  com- 
position of  the  carnotite.  It  is  true  that  in  one  case  the  silicate  has 
been  analyzed  (p.  30),  but  it  would  be  unsafe  to  correct  the  carnotite 
analysis  on  that  basis.  Moreover,  the  analyses  were  not  all  made  on 
the  same  plan;  some  are  less  complete  than  others;  they  can  not  in 
some  respects  be  rigidly  compared  with  one  another. 

As  to  the  carrying  out  of  the  analysis,  various  procedures  were 
tried  and  no  one  was  found  which  gave  altogether  satisfactory  results 
as  to  each  constituent,  though  many  could  be  determined  with  the 
usual  degree  of  accuracy.  The  difficulty  was  due  mainly  to  vanadium 
and  the  small  amount  of  phosphoric  acid  usually  present.  These  two 
constituents  were  likely  to  be  found  in  different  precipitates  and  could 
not  be  separated  from  them  at  one  stroke.  Their  complete  removal 
from  other  bodies  was  at  times  impossible,  and  the  weight  of  the  latter 
had  then  to  be  corrected  for  these  residual  amounts. 

Two  entirely  different  lines  of  attack  were  open.  One,  that  of 
Friedel  and  Cumenge,  described  in  their  paper  on  carnotite,  had 
already  been  used  with  apparent  success.  It  depends  on  rendering 
the  vanadium  insoluble  in  water  by  evaporating  the  nitric  acid  solu- 
tion to  dryness.     Water  extracts  the  alkalies  and  uranium  without 
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dissolving  the  vanadium,  iron,  or  aluminum.     Repetition  of  this  proc 
ess  yielded  Friedel  and  Cumenge  satisfactory  results.    They  recom- 
mended washing  with  water  containing  ammonium  nitrate. 

The  other  method  involved  the  quantitative  removal  of  vanadium  by 
dry  hydrochloric  acid  gas  in  the  manner  already  described  (pp.  18-19). 
Smith  and  Hibbs  had  shown  that  this  method  is  perfect  for  alkaline 
pyrovanadates  and  it  was  hoped  that  it  might  succeed  even  with  such 
complex  mixtures  as  those  under  consideration.  The  distillations  were 
made  on  the  crude  ore  and  also  on  the  nitric  acid  solution  after  filtra- 
tion from  the  insoluble  matter  and  evaporation  to  thorough  dryness. 
The  action  is  immediate  in  the  cold,  copious  red-brown  vapors  coming 
off  and  condensing  in  part  as  a  dark  red  liquid  in  the  tube'.  But 
repeated  distillations  and  the  application  of  heat  were  required  to 
effect  complete  removal  of  the  vanadium  accompanied  by  the  arsenic 
and  molybdenum.  After  each  distillation  the  contents  of  the  boat  had 
to  be  evaporated  with  nitric  acid.  The  blue  and  green  colorations 
apparent  on  adding  this  acid  showed  that  the  hydrochloric  acid  gas 
had  reduced  a  good  deal  of  the  vanadium  to  a  lower  state  of  valence, 
and  in  this  condition  it  was  incapable  of  forming  the  volatile  body. 

A  somewhat  more  satisfactory  separation  sometimes  resulted  when 
this  distillation  method  was  combined  with  that  of  Friedel  and  Cumenge 
by  subjecting  both  the  evaporated  uranium  nitrate  solution  and  the 
residue  insoluble  in  water  to  the  action  of  hydrochloric  acid  gas. 

The  distillates  obtained  by  either  way  were  evaporated  with  sulphuric 
acid,  the  arsenic  and  molybdenum  were  separated  by  hydrogen  sul- 
phide, and  the  vanadium  was  then  titrated  by  permanganate  at  a  tem- 
perature near  boiling  and  again  after  reduction  by  sulphur  dioxide 
gas.  In  one  or  two  cases  when  the  temperature  of  distillation  had 
been  high  and  it  was  feared  some  iron  had  passed  over,  the  distillates 
were  evaporated  in  porcelain  with  nitric  acid,  transferred  to  a  platinum 
crucible,  evaporated  therein  with  sulphuric  acid,  and  fused  with  sodium 
carbonate.  The  aqueous  extract  was  then  treated  as  above  for  arsenic, 
molybdenum,  and  vanadium. 

The  mode  of  separation  practiced  by  Friedel  and  Cumenge,  while 
perhaps  adequate  for  technical  purposes  in  ores  free  from  phosphorus,'' 
does  not  in  my  hands  give  perfect  satisfaction  even  then.  It  is  impos- 
sible to  prevent  a  little  of  the  vanadium,  also  of  the  iron  and  alumi- 
num, from  going  with  the  uranium,  and  on  the  other  hand  a  little 
uranium  may  stay  with  the  vanadium.     Again  when  the  vanadic  acid 

a  With  even  only  half  a  per  cent  of  PjO^  many  times  that  amount  of  UOa  is  rendered  insoluble  in 
water  after  evaporation  to  dryness  with  nitric  acid.  The  compound  formed  is  of  a  lemon-yellow  color, 
which  is  masked  by  the  separated  vanadic  acid  until  this  has  been  removed  by  ammonia.  This 
Insoluble  body  was  treated  as  follows  in  order  to  arrive  at  the  PsO^^and  UO^it  contained.  After 
solution  in  nitrite  acid  the  phosphorus  was  precipitated  by  ammonium  molybdate,  and  from  the 
filtrate  the  uranium  by  three  precipitations  by  ammonia. 
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is  extracted  from  the  residue  by  ammonia,  as  prescribed  by  Friedel 
and  Cumenge,  a  little  of  the  other  constituents  of  the  residue  accom- 
pany the  vanadium  into  solution. 

If  the  combination  of  the  two  methods  is  used,  it  is  better,  after  the 
vanadium  has  been  removed  by  distillation,  to  treat  the  two  residues 
separately  at  first  instead  of  to  unite  them  at  once.  Full  details  of 
this  treatment  are  unnecessary  and  would  unduly  extend  this  paper. 
Suffice  it  to  say  that  from  the  uranium  portion  the  little  iron  and 
aluminum  present  are  separated  by  ammonium  sulphide  and  carbon- 
ate, and  after  removal  of  the  latter  and  acidification  the  uranium  can 
be  thrown  down  by  ammonium  sulphide,  and  then  by  at  least  two 
precipitations  by  ammonia,  or  far  better,  by  precipitating  the  neutral 
hydrochloric  solution  by  freshly  precipitated  and  alkali-free  mercuric 
oxide  at  boiling  heat,  as  prescribed  by  Alibegoff.*'  As  pointed  out  by 
von  Foullon  and  also  by  Alibegoff,  contrary  to  certain  still  widely  dis- 
seminated statements,  ammonium  sulphide  does  not  afford  a  good  sepa- 
ration of  uranium  from  calcium.  This  is  perhaps  especially  true  if  the 
solution  contains  any  phosphorus.  Again,  contrary  to  another  state- 
ment, it  seems  perfectly  possible  to  separate  uranium  completely 
from  alkalies  by  a  few  ammonia  precipitations. 

The  finally  ignited  and  weighed  Ufi^  was  redissolved  in  nitric  acid, 
filtered,  if  necessary  (SiO,,  Al^Oj,  Fe^Og),  and  divided  into  two  parts, 
one  of  which  was  tested  for  the  very  little  PjO^  usually  present,  and 
the  other  for  vanadium  by  conversion  into  sulphate,  reduction  by  sul- 
phur dioxide  gas,  and  titration  by  very  dilute  permanganate  solution. 

ANALYSES  OF  CARNOTITE  ORBS. 

I.  Copper  Prince  claim.  Roc  Creek,  Montrose  County,  Colo. 
According  to  the  donor  of  the  specimen,  Mr.  J.  R.  Duling,  I-a  is 

from  the  same  lot  as  that  from  which  Mr.  Poulot  obtained  the  speci- 
mens afterwards  analyzed  by  Friedel  and  Cumenge. 

II.  Yellow  Boy  claim,  La  Sal  Creek,  Montrose  County,  Colo. 
UI.  Yellow  Bird  claim.  La  Sal  Creek,  Montrose  County,  Colo. 
The  last  two  claims  belong  to  the  same  group  and  the  ore  is  from 

the  same  "blanket"  (Voillequ^). 

1-b  and  II-J,  the  first  analyses  made,  are  not  strictly  comparable 
with  the  other  analyses,  since  they  represent  the  effect  of  warm  dilute 
hydrochloric  acid,  whose  greater  action  is  shown  by  the  nearly  com- 
plete solution  of  the  ferruginous  admixture.  Cold,  dilute  nitric  acid 
was  used  for  the  other  analyses. 

a  Ann.  Chem.  u.  Phar.,  vol.  238, 1886,  p.  188;  Zeit  fiir  anal.  Cbemle,  vol.  26, 1887,  p.  632. 
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Insoluble 

UO, 

VA 

P,o, 

Afl,05 

A1,0, 

Fe,0, 

CaO 

SrO 

BaO 

MgO 

K,0 

Na,0 

Ufi 

H,0 at  lOb^  ... 
H,Oat350«  ... 
H,0  above  360° 

PbO 

CoO 

8O3 

M0O5 

SiO, 

TiO, 

00, 


a  7. 10 

54.89 

18.49 

.80 

trace 

.09 

.21 

3.34 

.02 

.90 

.22 

6.52 

.14 

trace 

2.43 

2.11 

none 

.13 

.15 

none 

.18 

.15 

.03 

.56 


98.46 


^8.34 

52.25 

18.35 

.35 

.25 

(?) 
1.77 
2.85 

(?) 

.72 

.20 

6.73 

.09 

(?) 

2.59 

3.06 

none 

.25 

.20 

.12 

.23 

.06 

.10 

.33 


98.84 


«19.00 

47.42 

15.76 

.40 

none 

.08 

.72 

2.57 

(?) 

.65 

.24 

6.57 

.07 

(?) 

1.85 

2.79 

none 

.18 

.22 

.18 

.18 

.13 

(?) 
none 


99.01 


II. 


tflO.33 
54.00 
18.05 

.05 
none 

.29 

.42 
1.86 
trace 
2.83 

.14 
5.46 

.13 
trace 
3.16 
2.21 
none 

.07 
trace 
none 

.05 

.20 

(?) 
none 


99.25 


(0 
52.28 
17.50 
trace 
none 

(?) 

3.36 

1.85 

trace 
3.21 

.17 
5.11 

.02? 

(?) 

4.52 

3.49 


III. 


(/) 
20.51 
7.20 
none 
none 
.08? 
.25 
1.64 

(?) 
.29 
.07 

1.51 
.01 

(?) 

1.85 
0^1.64 

A.  19 
.09 

trace 

none 
.04 
.07 
.06? 


a  Containing  0.54  H«0.  0.09  VsO|. 

^The  insoluble  matter  had  the  following  composition:  SiOt,  5.18;  y«0..  0.21;  PfCV  0.09;  KsO,  0.26; 
Na,0,  0.04;  H,0.  VXP,  0.56,  860°,  0.82.  +360070.48:  AljO,.  TiOt,  Cr^pa,  etc.,  by  difl.,  l.'io.  The  SO.  of  this 
ore  is  not  combined  with  BaO,  for  it  is  wholly  extracted  by  dOute  acids.  Once  in  solution  the  acid 
used  is  snfficlent  to  prevent  its  immediate  precipitation  as  BaS04  by  union  vrlth  some  of  the  barium 
present.    The  same  nolds  true  for  the  SOs  of  I-c. 

«This  material  was  obtained  by  floating  off  the  finer  matter,  allowing  it  to  settle,  collecting  on  a 
Qooch  filter,  and  drying  it  in  a  current  of  air  drawn  through  the  crucible.  The  insoluble  matter  held 
in  addition  to  16.41  quartz  and  sUicates  (including  0.89  V|0|  and  a  little  UOa),  HsO,  IO50,  0.88;  SOO^, 
0.7S;  +800°,  1.08;  total  HsO.  2.59. 

dContaining  0.16  VjO,  and  1.90  H,p. 

«The  insoluble  matter  contained  besides  quartz  and  silicates:  0.25  V^  0.21  K«0,  0.05  Na^O. 

/This  analysis  was  made  purposely  on  a  relatively  poor  ore,  furnished  by  Messrs.  Poulot  and  Voille- 
qu^,  with  the  object  of  determining,  if  possible,  the  composition  of  the  vanadiferous  silicate  which 
it  contained  (see  p.  30).    The  data  for  calculating  the  HfO  values  of  both  analyses  are  as  follows: 


Ore. 

After  extrac- 
tion of  camo- 
titebycold, 
dilute  nitric 
add. 

After  extrac- 
tion of  resi- 
due by  hot 
nitric  acid, 
sodiimi  car- 
bonate, etc. 

H^ftClOC^ 

2.11 
.83 

.47 
.64 

"^  0.02 

£0  at  800^ 

.03 

nfi  above  800° 

.02 

6.47 

2.79 

.07 

a-b  furnishes  the  values  for  the  camotite  as  shown  in  analysis  III;  b-c  gives  those  for  the  leas  sol- 
uble sUicate  (p.  80). 
0  At  800°. 
A  Above  800°. 
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DISCUSSION   OF  THE   CAKNOTITE   ANALYSES. 

It  will  be  noted  that  a  somewhat  marked  deficiency  appears  in  most 
of  the  analyses,  the  cause  of  which  is  quite  unknown.  Great  care  was 
exercised  in  most  cases  and  especially  in  those  which  show  the  greatest 
loss.  It  seems  hardly  possible  that  any  serious  constant  loss  of  a 
known  constituent  should  have  occurred,  but  the  only  alternative 
demands  the  presence  of  an  element  or  elements  unnoticed  and  which 
can  not  have  been  weighed  with  the  known  constituents.  The 
researches  of  M.  and  Mme.  Curie  have  shown  that  these  ores  contain 
traces  of  radio-active  elements,  precipitated  the  one  by  hydrogen 
sulphide,  the  other  by  sulphuric  acid.  Their  presence,  however,  in 
quantity  sufficient  to  account  for  the  observed  losses  in  the  above 
analyses,  especially  when  10  grams  of  ore  were  operated  on,  could  not 
possibly  have  escaped  observation.  To  whatever  cause  it  may  be  due, 
this  loss  alone  suffices  to  render  somewhat  uncertain  any  calculations 
based  on  the  analytical  figures,  though  if  the  loss  is  to  be  ascribed  to 
uranium  or  vanadium  the  ratios  would  not  be  sufficiently  aflfected  to 
obscure  any  simple  relations  that  might  exist.® 

Another  difficult}^  is  the  impossibility  of  knowing  what  constituents 
to  exclude  and  what  to  include  in  deducing  molecular  ratios.  It  is 
certain  that  most  if  not  all  of  the  iron  is  foreign  to  the  yellow  body. 
It  is  probable  that  phosphorus  is  likewise  so,  since  its  extraction  by 
dilute  acids  does  not  keep  pace  with  that  of  the  uranium  and  vanadium. 
It  may  possibly  be  in  combination  with  the  iron,  in  part  at  least.  The 
alumina  doubtless  is  derived  from  the  vanadiferous  silicate  which 
seems  to  exist  in  all  the  ores  and  which  is  not  quite  insoluble  in  cold 
dilute  acids.  If  so,  a  small  portion  of  the  vanadium,  potassium,  mag- 
nesium, and  water  are  to  be  attributed  to  this  mineral,  but  a  general 
connection  based  on  the  analysis  of  this  compound  (see  p.  30)  would 
not  be  justifiable.  Its  application  leads  to  nothing  definite,  even  in 
the  case  of  the  particular  ore  No.  Ill,  from  which  the  silicate  analyzed 
was  derived. 

In  the  following  tables  are  given  first  the  recalculated  analyses  and 
then  the  molecular  ratios.  All  those  constituents  have  been  excluded 
which  pretty  certainl}^  do  not  belong  to  the  carnotite,  but  small  portions 
of  some  of  those  retained  are  unquestionably  extraneous.  In  two  cases 
(I-tf  and  1-h)  a  cei'tain  proportion  of  lime  has  been  arbitrarily  excluded 
equivalent  to  the  acid  anhydrides  COj,  M0O3,  and  SO,,  less  what  is 
needed  to  offset  PbO  and  CuO. 


a  According  to  Dr.  Harry  C.  Jones,  of  Johns  UopkinH  University,  who  very  kindly  undertook  to 
examine  a  sjwcimen  of  the  Coppi^r  Prince  ore  for  rare  gaseous  elements,  helium  is  not  present. 
Faint  hydrogen  lines  were  observed,  the  source  of  which  was  ascribed  to  water  vapor.  Other  lines, 
due  prolmbly  to  hydrocarbt)ns,  were  fairly  strong,  but  the  specimen  had  been  long  enough  exposed 
in  our  laboratory  and  elsewhere  to  have  accumulated  enough  dust  to  account  for  them. 
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uo, 

CaO 
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MgO 
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I-o, 


20.72 
.90 


6L53 
3.03 
1.03 

.25 
7.31 

.15 
2.72 
2.36 


l^. 


21.09 

.40 

.29 

60.06 

2.77 
.83 
.23 

7.73 
.10 

2.98 

3.52 


100.00 


100.00 


I-<7. 


20.12 
.51 


20.54 
.06 


60.55 

3.28 

.83 

.31 

8.39 

.09 

2.36 

3.56 


100.00 


61.44 
2.11 
3.22 

.16 
6.21 

.15 
3.59 
2.52 

100.00 


II-*. 


19.85 


III. 


20.62 


59.31 

2.10 

3.64 

.19 

5.80 

.02 

5.13 

3.96 

100.00 

58.  75 

4.70 

.83 

.20 

4.33 

.03 

5.30 

5.24 


100.00 


MOLECULAR  RATIOS. 


ill24] 
4I1128 


1081 


1128 


2062. 


2043 


3751 


8391 


238}  660^     54}  943 


471 


501 


(  61 61         \(  460i 


2850 
2200 


2944 
2911 


These  ratios  lead  to  the  following  empirical  formulas,  in  which  only 
the  water  given  oflf  above  105^  is  considered.  Since  the  water  is 
wholly  removable  below  350^  it  is  regarded  as  water  of  crystallization 
and  not  of  constitution. 


R'. 

R". 

R*. 

U. 

0. 

i;^o  ■ 

13958 
13629 
13367 
12871 
13178  1 

HjO. 

I-<l 

1618 
1696 
1822 
1384 
1240 
932 

671 
606 
718 
627 
660 
943 

2392 
2496 
2274 
2256 
2162 
2256 

2140 
C088 
2105 
2136 
2062 
2043 

1311 

1-b 

1956 

l-c 

1978 

11-^ 

1400 

II-6 

2200 

Ill 

2t)ll 
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If  it  be  assumed  that  the  bivalent  elements  offer  the  most  accurate 
determinations,  the  above  ratios  may  be  reduced  to  the  following 
simpler  terms  on  that  basis: 


R'. 

R''. 

R'. 

U. 

0. 

H^. 

I-<1 

2.41 
2.80 
2.54 
2.21 
1.88 
.99 

3.56 
4.12 
3.17 
3.60 
3.27 
2.39 

3.19 
3.45 
2.93 
3.41 
3.12 
2.16 

20.68 
23.03 
18.98 
21.32 
19.50 
13.98 

1.95 

1-6 

3.23 

I-c 

2.75 

ll-a 

2.23 

II-6 

3.33 

Ill 

3.09 

The  results,  however,  show  a  great  lack  of  agreement  and  wide 
variation.  It  is  plain  that  no  probable  formula  can  be  calculated  for 
the  yellow  body.  The  variations  are  of  such  a  nature  as  to  indicate 
in  the  plainest  manner  that  it  is  a  mixture  of  several  substances. 

So  detailed  a  discussion  as  the  foregoing  would  hardly  have  been 
justified,  in  view  of  the  negative  conclusions  arrived  at,  but  for  the 
fact  that  Messrs.  Friedel  and  Cumenge  in  their  paper  announced  a 
simple  formula  for  the  body  examined  by  them  and  gave  it  the  specific 
name  carnotite.  Their  published  analyses  are  as  given  below,  from 
which  they  have  excluded  considerable  sand  and  traces  of  barium, 
aluminum,  lead,  copper,  and  radio-active  bodies  as  present  in  excess- 
ively small  quantities.  They  make  no  mention  of  calcium  and  admit 
that  their  values  for  water  are  open  to  doubt.  The  formula  deduced 
by  them  is  2U,0„«  V.O^,  K,0,  3H,0. 


1. 

Foa 
2. 

62.46 
19.95 
11.09 

nd. 

3. 

4. 

Calculated. 

UjOafl.... 

64.70 
20.31 
10.97 

63.54 

V-O. 

20.12 

K.O 

10.37 

H.O 

5.29 

4.81 

5.95 

FcOs 

.96 

.65 

, 

99.98 

a  Old  notation,  equivalent  to  the  modern  UOs- 


It  appears  from  these  analyses  that  Messrs.  Friedel  and  Cumenge  by 
great  good  fortune  obtained  a  variety  of  samples  of  the  pure  potassium 
compound,  free  from  calcium  and  without  appreciable  admixture  of 
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barium.  This  is  very  remarkable  in  view  of  the  fact  that  all  the  ores 
from  different  localities^  examined  by  me  show  large  admixture  of 
calcium  or  barium  salts  or  both,  even  that  which  is  certified  to  have 
come  from  the  same  lot  as  that  from  which  their  material  was  taken. 
The  French  authors  give  a  brief  outline  of  their  methods  of  analysis. 
That  one  which  afforded  them  the  best  results  would  involve  the 
weighing  of  any  calcium  present  as  sulphate  along  with  the  potassium, 
on  the  assumption  that  the  presence  of  that  element  had  been  over- 
looked. It  is  much  to  be  desired  that  a  reanalysis  of  their  material 
should  be  made,  if  there  is  any  of  it  still  available,  in  order  to  clear 
up  the  doubt  connected  with  the  first  analysis. 

In  the  light  of  the  evidence  herein  set  forth,  the  existence  of  a  dis- 
tinct mineral  species  having  the  composition  claimed  for  camotite  can 
by  no  means  be  considered  as  established. 

AVERAGE  QUALITY  OP  MARKETED  ORE. 

As  these  carnotite  ore  bodies  are  being  exploited  for  the  market,  it 
is  of  some  interest  to  know  the  average  quality  of  each  commercial 
lot.  A  carefully  prepared  sample  representing  several  tons  of  ore  was 
received  from  one  of  the  conmiercial  houses  of  Denver  and  was  found 
to  carry  11.49  per  cent  of  uranium  counted  as  UjOg,  and  6.40  per  cent 
of  vanadium  counted  as  V^Oj.  Over  one-sixth  of  the  vanadium  existed, 
however,  in  the  trivalent  state,  not  as  a  constituent  of  the  yellow  body, 
but  doubtless  of  a  silicate  like  the  one  whose  composition  is  given  on 
page  30. 

COMMERCIAL  ASSAY. 

The  commercial  assay  of  these  ores  has  presented  difficulties  to  the 
technical  chemist,  the  results  being  sometimes  very  discordant. 

As  to  uranium,  this  is  not  surprising.  The  methods  that  have  prob- 
ably been  commonly  employed  will  give  varying  results,  according  to 
the  contents  of  the  ore  in  phosphorus  and  alkaline  earths.  Possibly 
the  old  Patera  process,  described  in  most  text-books  on  analytical 
chemistry,  might  be  made  to  serve,  with  modifications  called  for  by 
the  large  amount  of  vanadium  present. 

The  assay  for  vanadium  presents  little  difficulty  and  does  not  require 
much  time.  The  ore  is  fused  with  sodium  carbonate,  leached  with 
water,  and  the  fusion  repeated  on  the  residue.  The  combined  filtrates 
are  acidified  by  sulphuric  acid,  arsenic  and  molybdenum  are  precipi- 
tated in  the  hot  solution  by  hydrogen  sulphide,  whereby  the  V^Oj  is 
redu<*ed  to  VjO^.  After  filtration  and  expulsion  of  hydrogen  sulphide 
by  boiling,  the  vanadium  is  titrated  in  hot  solution  by  permanganate. 
It  is  then  reduced  by  sulphur  dioxide  gas,  and  after  boiling  this  out 
the  titration  is  repeated.  The  results  are  exact,  and  they  are  not 
affected  by  the  uranium  that  may  be  present. 
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IV.  COMPOSITION  OF  VANADIFEROUS  SILICATE  IN  CARNOTITE 

ORE. 

As  already  mentioned,  the  ores  contain  a  vanadiferous  silicate  free 
from  uranium.  To  the  end  of  ascertaining  its  composition,  if  possible, 
ore  No.  UI  (p.  25),  from  the  Yellow  Bird  claim,  low  in  camotite,  but 
relatively  rich  in  vanadium,  was  treated  as  follows: 

The  carnotite  from  10  grams  was  extracted  by  cold,  dilute  nitric  acid, 
and  the  well-washed  residue,  consisting  of  coarse  sand  and  an  utterly 
amorphous  mud,  by  4  per  cent  sodium  carbonate  solution  to  get  rid  of 
the  small  amount  of  silica  presumably  set  free,  but  not  dissolved  by  the 
acid.  This  amounted  to  0.35  per  cent  in  duplicate  determinations,  and 
together  with  0.06  per  cent  in  the  acid  solution,  or  0.41  per  cent  in  all, 
may  serve  as  a  maximum  figure  by  which  to  gage  the  action  of  the 
cold  acid  on  the  silicate  or  silicates  in  the  ore.  The  residue  was  then 
digested  for  several  hours  with  warm  nitric  acid  of  about  1.2  specific 
gravity  until,  as  shown  by  a  companion  test,  its  action  had  ceased.  It 
was  then  filtered,  washed,  and  digested  with  5  per  cent  sodium  car- 
bonate solution  to  dissolve  the  copious  deposit  of  silica.  The  final 
residue  was  collected  in  a  Gooch  crucible,  washed  with  sodium  car- 
bonate, followed  by  dilute  nitric  acid  to  remove  all  alkali,  then  by 
alcohol  to  prevent  turbidity  in  the  filtrate,  and  dried  by  suction  of  the 
pump.  In  it  the  water  was  determined  at  different  temperatures;  also 
its  general  composition.*  From  the  sodium  carbonate  filtrate  the 
silica  was  obtained  by  two  evaporations  and  filtrations;  also  the  trifling 
amount  held  by  the  acid  solution.  This  latter  was  then  fully  analyzed 
and  the  complete  results  follow: 


SiO, 

AlA 

VA 

Fe^O, 

CaO 

MgO 

K,0 

Na,0 

HjOatlOS^C... 
HjOatSOO^C... 
llfi  above  300°  C 


Per  cent  in 
ore. 

Per  cent  cal- 
culated to 
100. 

Ratios. 

6.48 

43.94 

0.  7275 

ft2.445 

16.58 

0. 1622] 

<^.965 

6.54 

.0434 

.2426 

rf.875 

5.93 

.0370 

.035 
^.654 

.24 
4.43 

.00431 
.1099J' 

.1142 

.546 
.03 

3.70 
.20 

.  03931 
.  0037J^ 

.0430 

/1. 66 

11.26 

.9222 

/.44 

2.98 

.1655 

/.62 

4.20 

.2333 

14.75 

100.00 

nSiOa,  48.89;  Al^Oa,  ¥0^0^,  zircon,  etc.,  0.44;  TiO,,  0.08,  MgO.  0.01;  K-^.  0.11;  NftjO,  0.03;  H,0,  0.07; 
total.  49.63.  b  2.45  and  2.44.  <-  0.93  and  1.00.  rfO.87  and  0.88.  « 0r652  and  0.657.  /  Determined 
on  ti  separate  portion  of  the  same  powdered  sample.    See  p.  25,  footnote,  for  data. 

Also  traces  of  titanium,  manganese,  and  lithium. 


Digitized  by  VjOOQIC 


HiLLEBRAND]         CABNOTITE   AND   ASSOCIATED   MINERALS.  31 

On  the  improbable  assumption  that  the  iron  is  to  be  wholly  included, 
and  regarding  only  the  water  given  off  above  300^,  the  following 
ratios  result: 

"4«7   -^g*   1^    114  -^      485  ^^27  ^257s5 

which  become,  if  the  iron  is  excluded, 

\ 

"^Ml  -"^  86  -"^    114  "*      411   »^*727  ^462« 

These  figures,  while  strongly  suggesting  definite  ratios  between 
certain  of  the  constituents,  do  not  under  the  circumstances  warrant 
the  deduction  of  a  formula,  nor  do  they  lead  to  the  same  conclusion  as 
in  the  case  of  the  green  cementing  material  of  the  sandstone  at  Pla- 
cerville.  The  phengite-muscovite  ratio  of  that  is  not  apparent  here; 
yet  it  is  not  at  all  unlikely  that  a  mineral  like  the  one  from  Placerville 
is  present,  but  contaminated  with  some  other.  In  fact  it  would  be  sur- 
prising to  find  anything  but  a  mixture  in  sandstones  so  thoroughly 
altered.  The  very  existence  of  such  vanadiferous  transition  products 
is  itself  highly  interesting,  and  these  tedious  analyses  were  not  there- 
fore made  in  vain.  The  mud-like  amorphous  character  of  this  material 
precludes  any  hope  of  aid  from  the  microscope  in  solving  the  question 
of  its  homogeneity. 

SUMMARY. 

The  body  called  carnotite  is  probably  a  mixtu^;e  of  minerals,  the 
exact  nature  of  which  analysis  fails  to  reveal.  Instead  of  being  the 
pure  uranyl-potassium  vanadate,  it  is  to  a  large  extent  made  up  of 
calcium  and  barium  compounds.  Intimately  mixed  with  and  entirely 
obscured  by  it  is  an  amorphous  substance — a  silicate  or  mixture  of 
silicates — containing  vanadium  in  the  trivalent  state  probably  replac- 
ing aluminum. 

The  deposits  of  carnotite,  though  distributed  over  a  wide  area  of 
country,  are  for  the  most  part,  if  not  altogether,  very  superficial  in 
character  and  of  recent  origin. 

The  green  coloring  and  cementing  material  of  certain  sandstones 
near  Placerville,  Colo.,  is  a  cryptocrystalline  alumino-vanadio-potas- 
sium  silicate  resembling  roscoelite,  but  with  the  percentage  propor- 
tions of  AljO,  and  VjO,  reversed.  It  constitutes  over  25  per  cent  of 
portions  of  the  sandstone,  and  contains  nearly  13  per  cent  of  VjO,,  the 
latter  amounting  in  the  maximum  case  observed  to  3.5  per  cent  of  the 
sandstone. 

As  yet  (1900)  these  highly  vanadiferous  sandstones  have  been  found 
only  at  Placerville,  where  it  is  intended  to  work  them  for  vanadium. 
Carnotite  is  associated  with  them  in  only  trifling  amount. 

Other  sandstones  noticed  owe  their  bright  green  color  to  chromium. 

In  yet  another  case  where  the  color  was  dull  green  this  was  not  due 
to  either  chromium  or  vanadium. 
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MINERALS. 


By  W.  F.  HnxEBRAND  and  S.  L.  Pbnfield. 


Two  new  varieties  of  jarosite  will  be  described  in  the  present  paper. 
One  is  from  Nevada,  and  was  collected  by  Mr.  H.  W.  Turner,  of 
the  United  States  Geological  Survey,  and  sent  to  the  Survey  labora- 
tory at  Washington  for  identification;  the  other  is  from  New  Mexico, 
and  was  sent  by  Mr.  J.  H.  Porter,  of  Denver,  Colo.,  to  the  min 
eralogical  laboratory  of  the  Sheffield  Scientific  School.  Except  for 
slight  diflferences  in  color  the  two  minerals  look  exactly  alike,  each 

consisting  of  minute,  isolated,  tabular  crys- 
tals, which,  as  may  be  seen  with  the  micro- 
scope, are  composed  of  combinations  of  a 
rhombohedron  with  largely  developed  basal 
planes.  By  chance  it  happened  that  the 
present  writers  discovered  that  they  were 
both  engaged  in  the  investigation  of  com- 
pounds belonging  evidently  to  the  same 
group,  and  it  was  decided  to  bring  the 
results  together  into  one  paper. 

XATROJAROSITE. 

The  material  collected  by  Mr.  Turner  was 
obtained  on  the  east  side  of  Soda  Springs 
Valley,  Nevada,  on  the  road  from  Sodaville 
to  the  Vulcan  copper  mine.  It  consists  of 
a  glistening  powder,  made  up  of  perfect 
crystals  having  the  habit  shown  in  fig.  1,  although  generally  only 
one  rhombohedron,  r,  is  present  instead  of  two,  as  shown  in  the  figure. 
The  largest  crystals  observed  were  0.16  mm.  wide  and  0.025  mm. 
thick,  and  the  general  average  would  not  be  over  half  that  size.  In 
spite  of  their  minuteness,  however,  it  was  possible  to  measure  the 
angles  of  the  crystals  with  the  reflection  goniometer,  the  chief  dif- 
ficulty arising  not  so  much  from  their  small  size  as  from  the  vicinal 
character  of  the  basal  planes.  After  repeated  trials  a  crj^stal  was 
32 
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found  having  a  fairly  good  basal  plane,  and  from  this  crystal  the  fol- 
lowing angles  were  obtained: 

Calcu- 
Measured.  Measured.  lated. 

r^r,     000UMl=5l°5.r»         c^«,    0001>s022l=68<>  42^        68°  ^5' 

c^r\   OOOU1101=51    53  c^s",  0001^^2021=68    48         68    36 

rysr'^  0001y^0lll=52    26  r^^K,  10lly^Tl01=86      5         85    54 

The  crystals  belonged  to  the  rhoinbohedral  division  of  the  hex- 
aj^onal  system,  and  the  angle  c  ^  r,  Sl*^  53',  which  is  probably  very 
nearly  correct,  has  been  assmned  as  fundamental,  and  from  it  the 
following  axial  ratio  has  been  calculated: 

c=1.104. 

That  the  axial  ratio  as  given  is  very  near  the  truth  is  shown  by  the 
f a<-t  that  the  measurements  of  c ^  a  and  r  ^r  do  not  vary  many  min- 
utes from  the  calculated  values;  while  on  a  number  of  other  crystals, 
measurement  of  the  angle  c  /^  r,  though  varying  considerably,  was 
found  to  be  not  far  from  52"^.  The  angles  ot  c  ^r  and  r  a.  ?•'  of  the 
ordinary  potassium  jarosite  are  55"^  16'  and  90^  45',  respectively. 

Under  the  microscope  the  crystals  exhibit  normal  optical  properties. 
With  a  high-power  lens  and  convergent  light  the  thicker  crj'stals  show 
the  dark  cross  and  the  beginnings  of  the  first  ring  of  the  interference 
tigiire.  The  birefringence  is  negative.  The  color  of  single  crystals, 
when  seen  under  the  microscope  in  transmitted  light,  is  golden  yellow. 
Many  of  the  crystals  ^how  numerous  brown  inclusions.  The  color 
*^hc)wn  by  a  mass  of  the  crystals  is  yellowish  brown,  and  the  material 
glisten>j,  owing  to  reflections  from  the  basal  planes  of  the  minute 
crystals. 

The  material  used  for  the  chemical  analysis  was  the  purest  that 
could  l)e  obtained,  although  crystals  containing  the  brownish  inclu- 
sions just  mentioned  could  not  be  avoided,  and  there  were  occasional 
brown  ferruginous  pai*ticles  mixed  with  the  crystals.  The  specific 
gravity  of  the  material  was  found  to  be  3.18  at  30.5^  C.  The  results 
of  the  analvsis  by  Hillebrand  are  as  follows: 

Ratio. 

FeA ^-98  0-319          3.29 

Na,0« 6.03  .0941         j  q. 

K,() 35  .004/ 

\^i\ :W.96  .387          4.00 

IIjOlKilow  105° 12 

H5Oab<>vel05° 11.03  .613          6.33 

AhA 20 

SiO, 23 

CaO 04 

99.  94 

oOf  tl.o  ?*oda0.22  porcent  Ih  not  extracted  by  hot  water  after  full  ignition  of  the  mineral,  and  hence 
may  belong  to  a  feldspar  or  some  other  foreign  mineral.  Only  5.81  per  cent  is  araumed  to  belong  t4» 
the  JaroalU'  and  used  in  deriving  the  molecular  value. 

Bull,  262—05 3 
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The  ratio  of  Fe^O, :  Na,0 :  SO, :  H,0  is  evidently  3:1:4:6  as  in 
ordinary  jarosite,  where  the  alkali  is  potash  instead  of  soda.  The 
slight  excess  of  Fe^O,  and  H,0,  as  indicated  by  the  ratio,  is  evidently 
due  to  some  ferric  hydroxide;  probably  the  dark  ferruginous  impuri- 
ties seen  under  the  microscope  are  in  part  responsible  for  this,  and 
there  are  also  traexjs  of  some  arsenate  and  silicate  present.  By  attrib- 
uting the  excess  of  FcjO,  and  H,0  to  impurities,  it  is  found  that  94  per 
cent  of  the  material  analyzed  may  be  regarded  as  pure  natrojarosite, 
as  indicated  below: 


FeA 
Na^O 
K,0. 
SO3.. 
H2O. 


After  deducting  impuri- 
ties. 


Theory  for 

[S04^ 


NmFe^rOHJij 


46. 43  or 

49.39 

49.49 

5. 81  or 

6.18 

6.39 

.35  or 

.37 
32.94 

30. 96  or 

32.99 

10. 45  or 

11.12 

11.13 

94. 00  or  100. 00 


100.00 


That  6  per  cent  of  impurities  should  be  present  in  a  crystalline 
powder  such  as  was  analyzed  is  not  surprising  when  it  is  taken  into 
consideration  that  it  would  require  something  like  2,500,000  crystals 
to  make  one  gram  of  material,  the  estimation  being  based  on  the 
assum[)tion  that  the  crystals  are  0.10  mm.  in  axial  diameter  and  0.02 
nun.  thick,  which  is  certainly  above  their  average  size. 

Among  the  .specimens  from  Cooks  Peak,  New  Mexico,  sent  to  the 
Sheffield  laboratory  by  Mr.  Porter,  were  some  masses  of  a  rather 
firmly  cemented  aggregate  of  minute  crystals  of  a  mineral  of  the  jaro- 
site group.  The  specimens  are  of  a  brownish-yellow  color,  and  have 
in  places  the  glistening  appearance  of  a  mica-schist.  They  also  look 
as  though  they  had  been  subjected  to  pressure  and  had  been  some- 
what sheared.  The  material  is  rather  easily  crushed,  and  the  powder, 
when  examined  with  the  microscope,  exhiJ)its  the  proprieties  of  the 
natrojarosite  just  described.  The  crystals  are  associated  with  a  little 
limonite  and  quartz,  and  pure  material  for  analysis  could  not  l>e 
obtained.  Only  a  partial  analysis,  therefore,  was  undertaken  with 
the  following  results: 

FeA 55.60 

Na./) 4.49 

K,() 77 

PM) 96 

SO,  and  H^O  were  present  but  not  determined.     The  results  are  suffi- 
cient to  indicate  that  the  material  is  essentially  natrojarosite. 
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PliUMBOJAROSITE. 

This  material  is  from  Cooks  Peak,  New  Mexico.  It  occurs  as  a 
glistening,  crystalline  powder  and  as  loosely  cohering  masses  which 
may  easily  be  crushed  by  pressure  between  the  fingers.  The  crystals 
are  very  symmetrical,  and  are  exactly  like  those  of  natrojarosite  (fig. 
1),  although  generally  only  one  rhombohedron,  r,  is  present.  On  the 
average  the  crystals  ate  a  trifle  smaller  and  noticeably  thinner  than 
those  of  natrojarosite.  A  number  of  crystals  were  measured  on  the 
reflecting  goniometer,  the  chief  difliculty  arising  rather  from  the 
vicinal  character  of  the  faces  than  from  their  small  size.  One 
unusually  large  crystal,  0.28  mm.  broad  and  0.015  mm.  thick,  was 
finally  found,  having  the  development  shown  in  fig.  2,  which  is 
unusual,  for  generally  r  (lOll)  and  not  s  (0221)  is  the  prevailing  rhom- 
bohedron. Fortunately  the  crystal  was  so  taken  up  on  a  minute  point 
of  wax  that  the  measurement  of  b/^s  in  three 
rhombohedral  zones  was  possible.  The  results 
of  five  measurements  ois  s  over  the  upper  and 
lower  pole  edges  varied  between  109^  5'  and  fio.  2.-piumbojaroBite. 

109^^  SO',  the  average  being  109^  16';  while 

six  measurements  over  the  middle  edges  varied  between  70^  10'  and 
Tl*-"  00',  the  average  being  70°  36'.  The  average  of  the  two  supple- 
mentary values  gives  s^s^  2201^0221  =  109°  20',  which  has  been 
assumed  as  fundamental,  and  from  it  the  following  axial  ratio  has 
been  calcuUted: 

c=1.216. 

On  the  crystal  from  which  the  foregoing  measurements  were  obtained 
the  basal  plane  was  vicinal  and  hence  no  reliable  measurements  of 
c^s  could  be  had  from  it.  On  a  number  of  other  crystals,  however, 
the  angle  of  c^r  was  measured  with  varying  results,  the  variation 
resulting  from  the  uncertainty  of  the  reflections  from  the  basal  planes. 
Four  measurements  of  c^r^  which  were  recorded  in  the  notebook  as 
derived  from  the  best  reflections,  varied  between  64°  15'  and  54°  44', 
the  average  being  54°  30',  while  c^r^  OOOly^lOll,  by  calculation  from 
the  fundamental  measurement,  is  54°  32'.  Hence  it  may  be  assumed 
that  the  axial  ratio  as  established  is  reasonably  exact.  The  calculated 
value  of  r^r,  10Tl.vI101,  is  89°  42'. 

In  polarized  light  the  crj'stals  exhibit  normal  optical  properties  and 
negative  birefringence.  Being  on  the  average  thinner  than  crystals  of 
natrojarosite,  it  is  seldom  that,  with  the  highest  powers  and  conver- 
gent light,  even  the  beginning  of  the  fii*st  ring  of  the  uniaxial  inter- 
ference figure  is  visible.  Individual  crystals  show  under  the  micro- 
scope in  transmitted  light  a  golden-yellow  color.  A  mavss  of  crystals 
has  the  appearance  of  a  glistening  dark-brown  powder,  the  color  l>eing 
decidedly  darker  than  that  of  natrojarosite. 
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The  analysis  of  the  mineral  was  made  on  the  very  best  material, 
having  a  specific  gravity  of  3.H65  at  30^  C  The  results  are  surprising, 
and  were  wholly  unlooked  for,  since  it  is  found  that  this  jarosite  con- 
tains lead  in  the  place  of  alkalies.  The  results  by  Hillebrand  are  as 
follows: 


Fe,0, 

A1A?«. 

Pb() 

K,0 

Na,0 

SO3 

H,0  below  105°. 
H,0  above  105°. 

SiO, 

CuO 

CaO 

MgO 


I. 

42.36 
.12 

19.69 

.17 

ft.  21 

27.05 

.02 

9.59 

.56 

.27 

.01 


II. 


42.38 

.08 

19.99 


III. 


I 


IV. 


0.11 
19.89 


19.79 


27.07 


9.49 
.51 
.27 


.47 


Mean. 

42.37 
.10 

19.84 

.17 

ft.  21 

27.06 

.02 

9.54 

.51 

.27 

.a5 

.01 
100.15 


RaUo. 


.001/ 
.089    i.a5 


.338     4.00 
.530    6.27 


rtThe  presence  of  alumina  was  not  definitely  proved.  The  figures  here  given  are  the  dIfferenceR 
between  the  several  weights  of  the  ammonia  precipitates  and  those  of  the  ferric  iron  in  them,  as 
determined  by  permanganate  after  reduction  by  hydrogen  sulphide. 

ft  Probably  somewhat  high. 

The  ratio  of  Fe.O,  :  PbO  :  SO3  :  H^O  is  very  close  to  3  :  1  :  4  :  6, 
indicating  that  the  mineral  is  a  variety  of  jarosite,  and  the  slight 
excess  of  Fe^Os,  H^O,  and  PbO  +  alkalies  may  be  accounted  for  by 
assuming  that  slight  impurities  are  present,  partly  ferric  hydroxide, 
in  part  some  lead  salt,  and  perhaps  a  soluble  silicate,  as  shown  by  the 
complete  solubility  of  the  silica  in  acids.  Assuming  that  the  ratio  is 
exactly  3  :  1  :  4  :  6,  it  is  found  that  4.3H  per  cent  of  impurities  arc 
present,  and  the  remaining  1)5.64  per  cent  may  then  be  regarded  as 
plumbojarosite,  as  follows: 

Theory  for  PbFe« 

[OH],2[S04l4. 

FeA 40.59or  42.44 

PbO 18. 86  or  19.72 

SO3 27.06or  28.29 

H,0 9. 13  or  9.55 

95. 64  or  100. 00 

Since  it  took  probably  2,500,000  crystals  of  natrojarosite  to  make  1 
gmm  of  material,  it  certainly  must  have  tiiken  fully  4,(M)0,0<K)  to  make 
a  gmm  of  pluml>ojarosito,  for  the  crystals  of  the  latter  mineral, 
though  somewhat  heavier,  are  decidedly  thinner  than  those  of  the 
former;  hence  the  presence  of  4.5  percent  of  impurities  in  such  a 
crystalline  product  is  not  to  be  wondered  at. 
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JAROSITE  ANJy  AliUNITE. 

As  may  be  seen  from  the  published  analyses  of  these  minerals,  the 
alkali  metal  they  contain  is  almost  always  potassium,  though  sodium  is 
at  times  present.  The  formulas  assigned  to  the  two  minerals  are  there- 
fore K,04-3Fe,0,+4S03+6H,0  and  K,0  +  3A1 A  +  ^SO,  +  6H,0, 
which  may  be  variously  expressed,  as  will  be  indicated  later. 

A  mineral  corresponding  to  natrojarosite  of  this  article,  though  con- 
taining a  little  potash,  has  been  described  by  W.  P.  Ileadden"  from  the 
Buxton  mine,  Lawrence  County,  S.  Dak.  The  crystals  are  dascribed 
as  scales,  consisting  of  a  combination  of  base  and  rhombohedron. 
The  material  analyzed  was  evidently  somewhat  impure,  as  quartz 
and  some  As,Oj  are  reported.  As  the  As^Og  evidently  does  not 
belong  to  jarosite,  the  assumption  may  be  made  that  some  scorodite, 
FeAsO^.aHjjO,  is  present,  and  the  results  of  Headden's  analysis  may 
then  be  interpreted  as  follows: 


Original 
analysis. 


Fe,0,. 
Na,0  . 
K,0.. 
CaO.. 
SO,... 
H,0.. 

Qoartz 


46.27 

4.35 

1.47 

.39 

28.46 

10.55 

2.36 

6.10 


99.95 


Scorodite 
and  quartz. 


1.60 


.72 
2.36 
6.10 

10.78 


Natrojarosite. 


Ratio. 


44. 67  or  50.10 

4. 35  or  4.  86 

1.47  or  1.65 

.  39  or  .44 

28. 46  or  31.93 

9. 83  or  11.02 


89. 17  or  100. 00 


3.13 

1.04 

4.00 
6.13 


Thus,  assuming  the  presence  of  4.68  per  cent  of  scorodite  and  6.10 
of  quartz,  and  deducting  them,  the  remainder  agrees  very  closel3^with 
natrojarosite,  giving  a  good  ratio,  very  near  3:1:4:6. 

Alunite  containing  considerable  soda  has  been  described  by  Whit- 
man Cross*  from  Rosita  Hills,  Colorado,  and  by  E.  B.  Hurlburt*^  from 
Red  Mountain,  Colorado,  and  analyses  of  both  minerals  show  about 
equal  percentages  of  KjO  and  Na^O,  or  a  molecular  ratio  of 
K,0:  Na,0=4: 7.  The  occurrence,  therefore,  of  sodium  in  the  jarosite- 
alunite  group  is  in  accordance  with  previous  observations,  but  the 
case  is  quite  diflferent  with  lead.  As  far  as  the  present  writers  are 
aware,  this  is  the  first  instance  on  record  where  lead  has  been  observed 
isomorphous  with  the  alkali  metals.  It  is  interesting  to  note  that  the 
alunite  from  Red  Mountain,  Colorado,  occurs  as  a  crystalline  powder, 
the  crystals  being  exactly  like  those  of  natrojarosite  and  plumbojaro- 

•Am.  Jour.  8cL,  8d  ler.,  46, 1893.  p.  24.         blbid..41, 1891,  p.472.  o Ibid..  48. 1894,  p.  130. 
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site,  except  that  they  are  a  trifle  smaller  and  white,  or  colorless,  when 
seen  under  the  microscope. 

From  a  chemical  standpoint  the  most  interestinjjf  feature  of  the  new 
minerals  is  the  light  they  throw  upon  the  isomorphism  of  potassium, 
sodium,  and  lead.  Ordinarily,  even  potassium  and  sodium  are  not 
isomorphous,  as  shown  by  the  fact  that  their  simple  salts  seldom 
cr^^stallize  in  the  same  form.  Although  KCl  and  NaCl  both  crystal- 
lize in  cubes,  it  is  not  certain  that  both  salts  belong  to  the  same  group 
of  the  isometric  system.  It  has  been  shown,  for  example,  by  etching, 
that  KCl  crystallizes  like  NH^Cl  in  the  plagihedral  group  of  the  iso- 
metric system,  while  the  etchings  produced  on  halite  seem  to  indicate 
that  it  crystallizes  in  the  nonnal  group.  Again,  at  Stassfurt,  Ger- 
many, sylvite  and  halite  both  occur  crystallized  side  by  side  upon  the 
same  hand  specimen,  instead  of  mixing  as  isomorphous  molecules. 
Even  in  such  complex  molecular  compounds  as  the  feldspars,  the 
potassium  and  sodium  salts  crystallize  as  orthoclase  and  albite,  rather 
than  as  isomorphous  mixtures.  Lastly,  potassium  has  a  strong  tend- 
ency to  form  alums,  which  is  not  shared  by  sodium.  In  contrast  to 
these  differences  in  chemical  nature,  we  have  in  the  jarosite-alunite 
group  of  minerals  not  only  the  alkali-metals,  potassium  and  sodium, 
but,  what  seems  still  more  remarkable,  lead^  playing  the  same  r61e  in 
the  compounds,  and  yielding  crystals  which  are  surprisingly  alike  in 
all  their  physical  properties.  The  writers  can  at  present  oflFer  no 
other  reason  for  the  isomorphism  in  the  group  of  minerals  under  con- 
sideration than  that  the  alkalies  and  lead  pla}'^  so  small  a  r61e,  and  the 
remaining  constituents  so  prominent  a  part  in  the  complex  chemical 
molecules,  that  the  latter  control  or  dominate  the  crystallization  by 
virtue  of  what  may  be  called  their  7nm8  effect. 

The  alunite  from  Red  Mountain,  described  by  Hurlburt,  was  ana- 
lyzed in  the  Sheffield  mineralogical  laboratory  under  the  direction  of 
one  of  the  present  writers,  and  it  was  found  that  water  was  first 
expelled  from  the  compound  at  a  rather  high  temperature,  thus  indi- 
cating that  the  mineral  contains  hydroxyl  and  no  water  of  crystalliza- 
tion; accoixlingly  it  was  shown  that  the  seemingly  complex  formula 
of  the  mineral,  expressed  by  the  ration  AljOj :  K,0 :  SO3 :  11,0  =  3:1: 
4 : 6,  may  be  much  simplified  to  K[Al(OH)2]s[SOj8.  In  the  light  of 
the  present  investigation  it  now  seems  best  to  abandon  the  above 
simple  formula  and  adopt  one  containing  double  the  number  of  atoms, 
in  order  to  make  clear  the  isomorphism  between  K,,  Na,,  and  Pb. 
The  formulas  of  the  minerals  of  the  group  would  then  be  expressed 
as  follows: 

Alunite K,[A1(0H),L[S0,L  or  K,Ale[0H]„[S04L 

Natroalunite Na,[Al(OH),]e[S04]4  or  Na,Ale[OH]i,[S04]4 

Jarosite K,[Fe(OH),]e[SO,L  or  K,Fe,[OH]„[SOJ« 

Natrojarosite Na2[Fe(OH),]«[SOj4  or  Na^Fe^COHluCSO^]* 

Plumbojarosite Pb[Fe (OH  ),]«[SO J4  or  PbFee[OH]„[S04]« 
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In  the  case  of  the  lead  compound  one  atom  of  lead,  and  in  the  others 
two  atoms  of  either  potassium  or  sodium,  are  combined  in  complex 
molecules  containing  fifty  other  atoms;  hence  that  the  complex  of 
fifty  atoms,  to  the  right  of  the  K,,  Na,  and  Pb  in  the  foregoing  formu- 
las, should  control  or  dominate  crystallization  by  virtue  of  mans  effect, 
and  condition  an  isomorphism  between  such  unlike  elements  as  sodium, 
potaasium,  and  lead  is  not  so  surprising  as  would  at  first  appear. 

Having  adopted  the  double  formulas,  as  given  aljove,  there  are 
numerous  waj's  of  writing  developed  formulas,  of  which  the  following 
are  perhaps  the  simplest  and  most  satisfactory: 

o=  S  =o 

{J^ Fe— O—  S  — O  -  Pb— O— •  S  -O— Fe<[]{} 

o  =  s  =  o 


HO- 


-OH 


Hg>Fe-0-S-0-Fe<g{} 

O    O     O  p.„ 

S— OK    K-O-S  ^^" 


«0>Fe-Ov_/ 


O^   \   O    o^  ^o 

J}g>Fe-0-  S  -0-Fe<gg 

It  is  interesting  to  note  that  although  K„  Na^  and  Pb  play  so  small 
a  role  in  the  al unite- jarosite  molecules,  the  substitution  of  Na^  for  K^ 
is  attended  by  a  marked  variation  in  the  angles  of  the  crystals, 
greater,  in  fact,  than  is  generally  observed  in  isomorphous  replace- 
ments. That  alunite  and  jarosite  containing  potash  would  be  nearly 
alike  in  their  angles  is  expected,  since  crystals  of  corundum  and 
hematite  ai'e  surprisingly  alike,  as  shown  by  the  following  comparison: 


I       Axial 
length. 


1.3630 


Oorandum,  A1,0, 

Hematite,  Fe,0, i      1.3656 


r  >v  r' 

C   ^T 

o         / 

O           / 

93     56 

57     34 

94    00 

57    3/ 
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The  relations  of  the  minerals  of  the  alunite-jarosite  group  are  as 
follows: 


Alunite 

Jarosite... 

Natrojarosite . . 
Plumbojarosite 


Axial 
length. 

r  ^r* 

1.252 

O             f 

90    50 

o          , 

55     19J 

1.246 

90    45 

55     16 

1.104 

85    54 

51     53 

1.216 

89    42 

54    32 

Birefringenit'. 


Positive. 
Negative. 

Do. 

Do. 


From  the  foregoing  table  it  is  seen  that  the  substitution  of  sodium 
for  potassium  in  jarosite  has  brought  about  greater  variation  in  the 
angles  of  the  crystals  than  the  substitution  of  the  bivalent  metal  lead 
for  potassium. 

The  three  minerals,  natrojarosite,  plumbojarosite,  and  the  Na-K- 
alunite  from  Red  Mountain,  are  very  interesting  when  studied  together 
as  microscopic  mounts,  the  crystals  being  practically  alike  in  size  and 
development,  and  illustrating  very  beautifully  on  the  one  hand  the 
isomorphism  of  aluminum  and  iron,  on  the  other  the  isomorphism  of 
potassium,  sodium,  and  lead.  The  three  substances  must  have  formed 
under  like  conditions,  and  it  is  believed  that  they  are  solfataric  prod- 
ucts, formed  under  the  combined  action  of  heat  and  pressure.  Being 
difficultly  soluble,  they  have  formed,  like  many  precipitates,  as  tine 
crystalline  powders. 

The  three  products  just  mentioned,  when  heated  in  closed  tubes, 
behave  alike;  thej'  suffer  no  change  on  gentle  heating,  but  when  the 
tempemture  is  sufficiently  high  to  decompose  the  chemical  molecules, 
the  crystals  break  up  into  fine  powder  or  dust,  which  is  carried  along 
b}"  the  escaping  vapors  and  deposited  for  a  considerable  distance  along 
the  sides  of  the  tubes.  In  addition  to  water,  SOj  and  SOj  are  copi- 
ousl}'^  given  off  during  decomposition.  In  the  case  of  natrojarosite, 
and  the  same  would  doubtless  hold  true  for  the  Na-K-alunite,  it  is 
found  that  after  ignition  one-fourth  of  the  sulphate  radicle  has  been 
retained  by  the  alkali  metal,  and  may  be  extracted  by  water.  In  the 
case  of  plumbojarosite,  however,  all  of  the  sulphate  radicle  is  expelUnl 
by  ignition,  doubtless  because  the  ferric-oxide  present  serves  to  decom- 
pose any  lead  sulphate  which  might  have  a  tendency  to  form.  Angles- 
site,  PbSO^,  when  heated  alone  in  a  closed  tube  suffers  no  decomposi- 
tion, but  when  finely  triturated  with  limonite  and  heated,  acid  water 
is  given  off.  Finely  powdered  natrojarosite  and  plumbojarosite  ai-e 
slowly  but  completely  soluble  in  boiling  hydrochloric  acid.  Plumbo- 
jarosite when  fused  with  sodium  carbonate  on  charcoal  yields  globules 
of  lead  and  a  coating  of  lead  oxide. 
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It  has  seemed  to  the  writers  best  to  designate  the  new  compounds 
described  in  this  article  as  natrojarosite  and  plumbojarosite,  the  names 
signifying  their  relation  to  a  well-known  species.  Other  members  of 
this  group  will  doubtless  be  found,  and  the  name  ^'  natroalunite"  might 
be  employed  to  designate  the  two  varieties  of  alunite  from  Colorado 
mentioned  on  page  37,  where  the  proportion  of  the  soda  to  the  potash 
molecule  is  7  :  4.  It  is  highly  probable  that  a  series  of  alunite-jarosite 
compounds  could  be  made  artificially. 

It  is  with  pleasure  that  the  writers  acknowledge  their  indebtedness 
to  Messrs.  Turner  and  Pointer  for  calling  attention  to  the  interesting 
compounds  described  in  this  article. 
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By  W.  LiNDGREN  and  W.  F.  Hillebrand. 


In  1902  an  examination  was  made  of  the  Clifton-Morenci  copper 
district  in  Arizona.  Study  of  the  collections  proved  the  presence  of 
several  interesting  minerals,  a  brief  account  of  which  is  here  given. 
The  copper  deposits  at  Clifton  and  Morenci  consist  partly  of  irregular 
or  tabular  bodies  of  oxidized  ores  in  Paleozoic  limestones,  partly  of 
chalcocite  ores  connected  with  fissure  veins  in  a  granite-porphyry  or 
in  the  same  limestones. 

CORONADITE. 

On  the  dump  of  a  small  shaft  on  the  west  end  of  the  Coronado  vein, 
three-fourths  of  a  mile  west  of  Horseshoe  shaft,  fairly  large  amounts 
of  a  dark  metallic  mineral  were  found  intimately  intergrown  with 
(}uartz  and  decomposing  into  limonite.  The  vein  at  this  end  shows  no 
copper  minerals,  but  is  said  to  contain  some  gold,  and  its  surface  ores 
are  reported  to  have  been  worked  in  an  arrastre  in  the  early  days  of 
the  camp.  In  color  this  mineral  is  black  and  its  structure  is  delicately 
fibrous.  The  hardness  is  about  4  and  the  streak  black  with  brownish 
tinge. 

A  thin  section  proves  it  to  be  opaque,  and  in  reflected  light  its  fibrous 
and  homogeneous  structure  is  well  brought  out.  It  cements  angular 
quartz  grains  and  its  secondary  nature  is  clearly  indicated.  In  gen- 
eral aspect  it  is  not  unlike  psiloinelane.  A  preliminary  examination 
showed  that  it  contained  the  oxides  of  lead  and  manganese.  As  it  did 
not  seem  to  correspond  to  any  known  mineral  species,  an  analysis 
was  made,  after  a  partial  mechanical  separation.  The  results  were  as 
follows: 

Long-continued  efforts  to  procure  pure  material  for  analysis  by  the 
use  of  heavy  solutions  were  not  attended  with  success.  The  ultimate 
product  of  specific  gravity,  5.246  at  22^,  yielded  on  decomposition  by 
hydrochloric  acid  a  residue  of  from  6  to  7  per  cent,  which  consisted 
mainly  of  silica,  with  a  small  amount  of  alumina,  etc.  Its  presence 
would  not  have  mattered  much  had  it  been  quite  indifferent  to  acids, 
but  its  partial  solubility,  as  shown  by  the  varying  amounts  undissolved 
on  different  trials,  and  similar  varying  amounts  of  alumina  and  perhaps 
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other  minor  ingredients  found  in  solution,  renders  the  calculation  of 
molecular  ratios  not  altogether  certain  in  all  cases.  The  composition 
as  found  is: 

MnO, «56.13 

MnO : 6.56 

PbO 26.48 

ZnO 10 

CuO V 05 

MoO, 34 

A1,0,   ft. 63 

Fe,0,  <• 1.01 

H,0 'il.03 

Insol.  and  silica 7.22 

OaO,  MgO,  Alk.,  and  loss 45 


Total 100.00 

The  material  available  did  not  permit  the  quantitative  determina- 
tion of  the  vanadium,  which  may  be  present  in  rather  more  than  a 
mere  trace,  but  neither  it  nor  the  phosphorus  can  influence  mate- 
rially the  ratios  given  below.  The  vanadium  would  be  eflfective  in 
two  ways:  (1)  by  requiring  a  base  for  its  neutralization,  if  existing  as 
an  acid  constituent,  and  (2)  by  liberating  chlorine  when  acted  on  by 
hydrochloric  acid,  and  thus  affecting  the  values  found  for  peroxide 
oxygen.  If  the  iron  exists  in  the  ferrous  state,  it  too  would  affect 
the  values  found  for  the  peroxide  oxygen,  and  consequently  for  both 
the  oxides  of  manganese.  Assuming  it  to  so  exist  and  applying  the 
proper  corrections,  also  deducting  from  the  lead  oxide  an  equivalent 
for  the  molybdenum,  assuming  its  existence  as  molybdate  of  lead,  the 
following  are  the  results: 

MnO, 56.68-^  87.0=0.6515  =3.00 

MnO 6.11^  71.0=  .0861 

PbO 26.96-5-222.9=  .1165 

FeO 91^  72.0=  .01261 0.217=1. 00 

ZnO 10^  81.0=  .0012 

CnO 05-^  79.0=  .0006 

H,0 1.03-^  18.0=  .0572  =  .264 


aMean  of  66.10  and  50.16.    Total  Mn  as  MnO  from  MnSOi,  52.88  per  cent.    Peroxide  oxygen,  10.31 
percent. 
b  With  a  Uttle  TiOs.  P,Os,  and  V|Os. 
c  state  of  oxidation  not  known. 
d  Nothing  at  100»,  only  0.14  per  cent  below  QOOP, 
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If  the  mineral  is  to  be  regarded  as  anhydrous,  the  comparatively 
nimple  formula  R"  (Mn.,©;)"  satisfies  the  above  i*atio,  and  it  may  be 
written  structurally 


0=Mn""-0 


i 


0=Mn' 


i 


I 

0=Mn""-0 

in  which  R"=Pb"  or  Mn".  This  is  to  be  regarded  as  a  saturated  salt 
of  one  of  the  numerous  possible  derivatives  of  ortho-manganous  acid 
that  may  be  derived  from  it  by  removal  of  water,  in  the  present  case 
as  follows: 

3H,MnO,-6H,0=H,Mn,0, 

An  acid  of  the  same  empirical  formula  would  result  by  removal  of 
two  motecules  of  water  from  three  of  metamanganous  acid,  HjjMnO,. 

It  is  probably  best  to  rest  for  the  present  content  with  the  above 
relatively  simple  formula  and  to  regard  the  water  found  as  due  to 
incipient  alteration.  But  if  the  water  is  to  be  considered  as  whollj^  or 
in  part  essential,  and  furthermore  constitutional — and  this  may  very 
well  be  the  proper  view  to  take — then  the  formula  becomes  much 
more  complex,  namely,  R/'H,(Mni,02j),  when  none  of  the  water  is 
allotted  to  the  foreign  matter.  This  formula  is  still  referable  graph- 
ically to  a  more  highly  condensed  manganous  acid,  and  a  number  of 
isomers  would  be  possible. 

Such  intricate  formulas  as  this  should  not  cause  the  least  surprise, 
however  unlikely  they  may  at  first  appear  to  be.  The  great  number 
of  manganites  in  varying  degrees  of  saturation  and  hydration  observed 
in  nature  and  prepared  artificially,  some  of  them  of  even  greater  com- 
plexity than  the  above,  are  certainly  not  all  mixtures  of  only  a  few 
simply  constituted  molecules.  A  very  short  study  of  the  graphic 
formula  corresponding  to  the  above  empirical  formula  R'\Hj5(MnijO„) 
will  show  what  a  vast  number  of  closely  related  bodies  are  theoretic- 
ally producible  by  hydrating  the  molecule  step  by  step  or  b}'  adding  to 
or  reducing  the  number  of  bivalent  atoms  or  substituting  for  them 
those  of  another  valence.  Similar  varieties  in  great  number  would  be 
derivable  from  other  condensed  manganous  acids  of  both  higher  and 
lower  orders,  and  it  is  plain  that  because  of  the  very  slight  differences 
in  percentage  composition  between  many  of  them  it  is  almost  as  hope- 
less to  expect  analysis  to  reveal  the  exact  empirical  formula  in  the 
majority  of  cases  as  it  is  for  the  enormously  complex  albuminous 
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bodies  of  organic  chemistry.  This  is  cspeciall}^  true  because  in  so 
many  cases  the  mineral  manganites  described  are  far  from  being 
homogeneous  species.  They  are  either  mixtures  of  two  or  more  of 
these  closely  related  (Complex  molecules  or  else  are  contaminated  by 
foreign  bodies.  It  is  hot  surprising,  then,  that  so  many  compounds  of 
uncertain  formula  that  may  be  regarded  as  salts  of  manganous  acid 
have  been  prepared  in  the  laboratory  or  are  found  in  nature.  From 
the  known  tendency  of  these  bodies  to  form  under  laboratory  condi- 
tions which  may  very  well  be  repeated  in  their  general  character  in 
nature,  it  is  to  be  expected  that  a  vast  number  of  mineral  manganites 
should  exist,  and  it  ought  rather  to  excite  surprise  than  otherwise  if 
two  or  more  are  not  formed  simultaneously  from  the  same  solution. 
This,  together  with  inherent  diflSculties  of  analysis,  would  offer  a 
simple  explanation  of  the  fact  that  so  few  of  the  analyses  made  lead  to 
rational  formulas.  If  formed  from  solution,  their  original  state  might 
well  be  one  of  hydration  either  as  regards  water  of  crystallization  or 
of  constitution.  The  temperature  at  which  the  water  is  expelled  in 
the  present  case  indicates  constitutional  water. 

Our  search  of  the  literature  has  not  revealed  a  native  manganite 
carrying  a  high  percentage  of  lead,  although  artificial  compounds  have 
been  prepared.  For  this  reason,  and  because  of  its  distinctly  crystal- 
line character,  the  present  mineral  seems  worthy  of  a  specific  name. 
The  one  we  propose  is  coronadite^  after  the  famous  explorer  of  that 
portion  of  the  American  continent  from  which  the  Territories  of  New 
Mexico  and  Arizona  have  been  formed. 

CIIAIiCOCITE. 

The  cuprous  sulphide  (Cu^S)  is  very  common  in  the  Clifton  district; 
in  fact,  it  constitutes  at  present  the  principal  valuable  mineral  in  the 
ores.  It  occurs  chiefly  intergrown  with  pyrite,  in  the  altered  por- 
phyry, as  disseminated  grains  or  as  solid  seams  or  veins  which  rarely 
exceed  2  or  3  feet  in  thickness.  It  is  never  crystallized  but  has  ordi- 
narily an  earthy  or  sooty  appearance  and  black  color;  scratching  with 
a  knjfe  reveals  its  semisectile  character  and  metallic  luster.  In  a  few 
small  massive  veinlets  the  normal  metallic  luster  and  dark-gray  color 
appear  on  fractures;  a  fibrous  or  columnar  structure  of  the  mineral  is 
known  on  small  seams  in  shale  from  the  Montezuma  mine.  The 
mineral  prefers  porphyry,  and  the  great  bodies  of  ore  now  worked 
all  occur  in  this  rock;  but  it  is  not  entirely  unknown  from  the  irregu- 
lar deposits  in  limestone  generally  carrying  cuprite  and  copper  carbon- 
ates. A  partial  analysis  of  massive  chalcocite  from  the  Montezuma 
mine,  Morenci,  gave  9(5  per  cent  Cu,S  and  2.4  per  cent  FeS„  the  latter 
probably  mechanically  admixed. 

The  chalcocite  is  everywhere,  in  this  district,  a  secondary  mineral 
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formed  by  the  replacement  of  pyrite  by  means  of  descending  solutions 
of  cupric  sulphate.  The  deposition  of  the  mineral  was  accompanied 
by  the  formation  of  quartz,  chalcedony,  and  kaolin.  In  the  porphyry 
the  chalcocite  ore  along  the  veins  begins  100  to  200  feet  below  the 
surface  and  continues  to  a  depth  of  400  feet,  or  even  more,  when  it  is 
usually  replaced  by  pyrite,  chalcopyrite,  and  zinc  blende. 

WIIiliEMlTE. 

This  rare  silicate  of  zinc  (ZnjSiO^)  was  found  by  Mr.  Boutwell  in  the 
form  of  very  small  grayish  crystals  on  a  fragment  of  garnet  rock  in 
the  Modoc  open  cut,  on  the  north  side  of  Modoc  Mountain.  These 
crystals  were  identified  by  Messrs.  Pirsson  and  Penfield,  of  Yale  Uni- 
versity, who  state  that  the  stout  hexagonal  prisms  look  exactly  like 
those  from  the  original  locality  at  Moresnet. 

CAIiAMINE. 

Small  transparent  orthorhombic  crystals  of  calamine  (ZnOH),  SiO, 
were  identified  on  a  specimen  of  decomposed  garnet  rock  from  the 
Shannon  mine,  just  above  the  lime  quarry. 

mOPTASE. 

The  silicate  of  copper,  dioptase  (H^CuSiOJ  has  been  found  at  only 

a  few  localities.     Very  beautiful  specimens,  which,  however,  are  by 

no  means  common,  have  long  been  known  from  the 

"X  classic  locality,  the  Kirghese  Steppes,  Russia,  and 

M\  more  recently  f rom.the  French  Kongo  State,  Africa. 

^A^\       Dioptase  is  seldom  found  in  the  United  States,  the 

'\  \  A      only  recorded  occurrences  being  at  the  Bon  Ton 

....\/^     mines,  Chase  Creek,  near  Clifton,  Ariz.,  noted  !>y 

\    )     R.  C.  Hills,**  and  from  near  Riverside,  Pinal  County, 

\j       Ariz.,  noted  by  W.  B.  Smith.*     Well  crystallized 

Fifi.  3.— Dioptaw.         spccimcns  of  this  mineml  were  found  on  an  old 

dump  of  the  Stevens  group  of  mines,  on  the  west 

side  of  Chase  Creek,  near  Garfield  Gulch.     They  oi*curred  in  a  small 

chimney  of  chrysocolla  ore  in  limestone,  now  worked  out,  and  the 

locality  is  believed  to  l>e  the  same  as  that  descril^ed  b}-  Mr.  Hills. 

The  dioptase  crystals  were  submitted  to  Prof.  S.  L.  Penfield,  who 

remarks  on  them  as  follows: 

The  crystals,  measuring  from  1  to  2  mm.  in  diameter,  occur  closely  groui)e<l 
together,  lining  cavitien  in  a  brown  ferruginous  gangue  impregnated  with  amorphous 
green  mati»rial  wliich  is  probably  chrys^>colla.  The  color  of  the  dioptase  is  a  lK»auti- 
ful  emerald-green.  The  habit  of  the  crystals,  shown  by  the  accompanying  figure,  is 
that  which  is  most  commonly  observed  and  is  especially  characteristic  for  dioptase; 
prism  of  the  8CH*ond  order  a  (1120),  tenninated  chiefly  by  the  rhomboheilnm  of  the 
first  order  »  (0221)  and  with  small  faces  of  the  rhombohedron  of  the  third  order  ^• 


a  Am.  Jour.  Scl.,  eer.  8,  Tol.  23, 1882,  p.  825.  h  proc.  '  olorado  Scl.  Soc.,  vol.  2,  1887,  p.  153. 
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( l.'^l ).  As  is  common  on  this  epecies,  the  prismatic  faces  are  vicinal  and  the  «  and  .r 
isu'vs  are  striated  parallel  to  their  mutual  intersection  edges;  hence  the  crystals  are 
not  8uite<l  for -giving  accurate  measurements  of  the  angles  with  the  reflection  goni- 
ometer. One  crystal  was  measured,  and  the  angles  of  one  of  the  Thomhoheilral 
zones,  given  helow,  are  snflSciently  close  to  the  calculated  values  to  establish  the 

identity  of  the  forms. 

Measured.  Calculated. 

a  X,      1120    1341  =  28*»  55'  28*»  48^ 

8  y,      02^1    2021  =  88*»  48^  84°  33^ 

9"  of,   2021    1120  =  48°  18'  47°  43' 

By  crushing  some  of  the  material,  embedded  in  oil  under  a  cover  glass,  and  exam- 
ination in  convergent  polarized  light,  occasional  fragments  were  found  which  gave 
a  normal  uniaxial  interference  figure,  with  numerous  rings  indicating  high  birefrin- 
gence. The  character  of  the  birefringence  was  found  to  be  positive.  Thus  in  all  of 
\\&  crystallographic  and  optical  relations  the  material  studied  is  like  typical  dioptase 
from  other  localities. 

CHRYSOCOIil/A. 

This  mineral  (CuSiOs+nH,0)  occurs  very  commonly  in  the  oxidized 
part  of  the  deposits,  but  does  not,  except  in  some  cases,  constitute  an 
important  ore.  On  the  whole,  it  is  more  abundant  in  the  deposits  in 
poi-phyry  and  granite  than  in  those  contained  in  limestone.  The  usual 
bluish  green  or  dirty  green  colors  and  conchoidal  fracture  characterize 
it.  It  occurs  in  seams  or  coatings  at  many  of  the  mines — abundantly  in 
the  Mammoth  mine  on  contact  fissure  between  porphyry  and  limestone; 
at  several  prospects  on  the  Stevens  group  in  Chase  Creek  near  Gar- 
field Gulch;  in  the  Terazas  fissure  vein  in  porphyiy,  near  Metcalf;  at 
the  Metcalf  mines  and  many  of  the  prospects  between  that  place  and 
Morencd;  at  the  Modoc  open  cut,  Morenci.  Technical  analj^ses  of 
chrysocolla  ore  from  Terazas  mine  by  the  Arizona  Copper  Company 
gave— 

SiO, 31.65 

CuO 34.90 

H,0 26.30 

AlA 3.80 

Undetermined • 3.35 

100.00 

Normal  chrysocolla  should  have  34.2  per  cent  SiO„  45.2  per  cent 
CuO,  and  20.5  per  cent  H,0,  but  the  analyses  show  great  divergency, 
many  probably  being  mixtures.  Moreover,  what  has  been  called 
chrysocolla  probably  includes  two  mineral  species. 

The  optical  characteristics  of  chrysocolla  seem  imperfectly  known. 
Dana  states  that  it  is  cryptocrystalline,  while  many  other  text-books, 
notabl^'one  issued  in  1902  by  Professor  Miers,  call  it  ''amorphous." 

In  most  cases  the  mineral  indeed  seems  cryptocrystalline  with  bluish- 
gray  colors  of  interference,  but  this  is  b}^  no  means  universal, 

Chrysocolla  from  the  Modoc  open  cut  appears  as  mammillary  crusts 
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of  bluish-green  color  on  "copper-pitch  ore."  The  latter  is  isotropic 
and  undoubtedly  a  distinct  mineral  from  the  chrysocolla,  of  brown 
color  in  varying  tints,  some  of  it  opaque  and  showing  evidence  of 
concentric  deposition.  On  top  of  the  chrysocolla  are  thin  crusts  of 
quartz  and  some  calcite.  The  chrysocolla  has  three  different  struc- 
tural forms,  as  seen  under  the  miscroscope:  (1)  The  dominant  mass  is 
a  cryptocrystalline  to  microcrystalline  aggregate  of  particles  with 
high  birefracting  index;  (2)  very  fibrous  and  felted  aggregates  of 
same  substance  giving  undulatory  effects  between  crossed  nicols  and 
medium  High  colors;  (3)  fibrous  cinists  on  top  of  1,  or  also  in  thin  lay- 
ers between  masses  of  1,  the  individuals  having  such  a  remarkably 
parallel  orientation  that  the  aggregate  of  them  appears  almost  like 
single  crystals  between  crossed  nicols,  with  black  shadows  sweeping 
a(*ross  them  when  the  table  is  turned.  The  extinction  is  parallel  to 
the  fibers,  double  refraction  strong,  about  like  augjte,  character  nega- 
tive. The  same  optical  characteristics  were  repeatedly  observed  in 
thin  sections  of  chrysocolla  from  Metcalf  and  other  places.  Reniform 
deposits  were  sometimes  noted,  the  center  of  cryptocrystalline  material 
coated  with  coarsely  fibrous  and  highly  birefringent  material. 

Sections  from  the  Coronado  and  Metcalf  mines  often  showed  pseudo- 
morphs  of  pyrite  consisting  of  a  shell  of  limonite  with  kernel  of  fibrous 
chrysocolla. 

The  observations  of  Jannettaz^  on  chrysocolla  from  Boloo,  Baja 
California,  Mexico,  led  to  the  same  results  as  dcscri!)ed  a!K)ve,  but 
seem  genemlly  to  have  been  overlooked  by  editor  of  text-books. 

COPPER-PITCH  ORE. 

Under  this  old  German  name  is  described  a  dark  brown  to  black 
substance,  sometimes  dull  but  generally  with  glassy  to  resinous  luster; 
hardness  about  4;  streak  dark  brown.  It  occurs  among  the  products 
of  oxidation  of  the  deposits  in  limestone,  as  at  the  Detroit  and  Long- 
fellow mines  and  Modoc  open  cut  at  Morenci,  and  is  associated  with 
azurite,  malachite,  and  chrysocolla,  often  inclosing  these  minerals  or 
replacing  in  branching  veinlets,  together  with  azurite,  a  shale-like 
mass,  probably  largely  composed  of  kaolin.  In  thin  section  it  is  some- 
times opaque,  but  often  also  tiunslucent,  gradual  transitions  obtaining 
in  the  same  section,  and  occurs  in  irregular  or  concretionary'  masses, 
often  containing  small  embedded  crystals  of  a  doubtful  mineral,  pos- 
sibly a  silicate  of  zinc.  Between  crossed  nicols  the  translucent  mineral 
always  proves  entirely  isotropic  and,  except  for  varying  depth  of  color 
and  the  small  crystals  mentioned,  entirely  homogeneous. 

a  Bull.  Sot,  Win.,  Paris,  vol.  9, 1886.  p.  211. 
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A  rough  preliminary  analysis  of  selected  pitch  black  material  from 
the  Detroit  mine  gave 

CuO 28.6 

ZnO 8.4 

MnO, 21.2 

Fe,()5+A1A+PA 4.0 

Insoluble  in  HCl 22.8 

Ignition  loss  16.3,  less  oxygen  due  to  conversion  of  MnO,  to  Mn304.  13. 7 

98.7 

Similar  material  surmounted  by  crusts  of  chrysocolla  from  the 
Modoc  open  cut  contained  much  MnO,,  with  a  good  deal  of  CuO  and 
ZnO,  and  is  thus  evidently  the  same  substance.  Manganese  is  largely 
but  not  certainly  wholly  present  as  MnO,.  The  insoluble  portion 
consists  of  silica,  is  wholly  separated  by  acid  without  need  of  evapo- 
ration, and  is  nearly  all  soluble  in  dilute  potassium  hydroxide.  It  is 
not  possible  to  say  whether  silica  is  in  combination  or  as  opal,  but  it 
can  not  be  present  in  any  other  form. 

Most  of  these  copper-pitch  ores,  known  from  many  districts,  have 
been  described  as  impure  chrysocolla.  As  shown  by  the  optical  char- 
acteristics, they  are  not,  however,  a  mixture,  and  they  certainly  do 
not  contain  any  chrysocolla,  the  characteristics  of  which  are  very 
different.  They  probably  represent  a  series  of  closely  related  com- 
pounds, the  chemistry  of  which  has  not  yet  been  fully  elucidated. 
Prof.  G.  A.  Koenig^  describes  a  similar  mineral  with  the  same  iso- 
tropic character  from  Bisbee,  and  names  it  melanochalcite.  Its  com- 
position is  different,  since  it  contains 

CuO 76.88 

SiO, 7.80 

CO, 7.17 

H,0 7.71 

ZnO 41 

FcS, 07 

100.04 

Professor  Koenig  considers  it  most  probably  a  basic  salt  of  an  ortho- 
sillco-carlK)nic  acid.  No  carbon  dioxide  was  found  in  the  Morenci 
minerals.  In  conclusion  it  would  seem  that  the  chemistry  of  these 
copper-pitch  ores  would  bear  further  examination. 

MORENCITE. 

In  a  lime  shale  on  the  intermediate  level  of  the  Arizona  Central 
mine,  Morenci,  200  feet  below  the  surface,  brownish  or  greenish 
spreading  mases  were  found,  containing  brownish  yellow,  silky  fibrous 
seams.     The  inclosing  material  consists  largely  of  the  same  material 


a  Am.  Jour.  Sci.,  uer.  4,  vol.  14,  Dtjo.,  1902,  p.  404. 
Bull.  262—06 i 
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as  the  seams,  but  impure  and  mixed  with  a  little  chlorite  and  pyrite. 
The  whole  bears  evidence  of  being  a  product  of  oxidation  of  some 
contact  metamorphic  mineral. 

The  fibrous  mineral  on  the  seams  forms  a  felted  aggregate  as  seen 
under  the  microscope,  but  it  is  well  individualized  and  contains  few 
impurities  except  a  little  pyrite  and  chlorite.  The  minute  fibers  are 
brownish  yellow  and  slightly  pleochroic,  being  darker  when  parallel 
to  the  principal  section  (opposite  the  behavior  of  biotite);  the  bire- 
fringence is  strong  and  extinction  strictly  parallel  to  the  fibers.  No 
mineral  corresponding  to  this  has  been  described,  but,  although  its 
individual  character  is  beyond  doubt,  the  analysis  does  not  lead  to  a 
satisfactory  formula.  The  material  for  the  analysis  was  picked  out 
carefully  under  the  lens  and  examined  under  the  microscope  it  proved 
satisfactorily  pure. 

The  analysis  afforded  the  results  of  the  first  column  of  figures  below. 
In  deducing  the  molecular  mtios  of  the  second  column  there  has  been 
deducted  sufficient  lime  to  form  apatite  with  the  phosphoric  oxide. 

SiO, 45.74 

TiO, trace 

AlA 1.98 

FejOs 29.68 

FeO 83 

MnO trace 

CaO 1.61 

MgO , 3.99 

Kfi ,        .20 

Na,0 10 

H,Ol05° 8.84 

H2O150° 12| 

H^O  Iwlow  redness 4.27i 

HjOmlnesH 69] 

CiiO little 

FeSj 66 

PA .' IB 

98.89 

It  would  seem  from  the  temperatures  at  which  the  water  is  driven 
ofl*  that  this  must  exist  in  two  conditions,  and  that  four-elevenths  of 
it  must  be  held  more  securely  than  the  remaining  seven-elevenths. 
The  attempt  to  account  for  four  molecules  of  water  as  constitutional, 
however,  led  to  no  simple  or  seemingly  probable  formula,  whereas  if 
all  water  is  excluded  the  ratio  is  that  of  a  metasilicate— R",R'"e 
(SiO,)",,.  On  the  other  hand,  to  include  the  whole  of  the  water  as 
essential  to  the  silicate  molecule,  for  which  there  is  little  ground  in 


Molecular  ratios. 

757 

=  10.  71  or  11 

:> 

=     2. 90  or   3 

01b 

027 
100 

141 

=     2. 00  or   2 

002 

OOlJ 

491 

=    6. 96  or  7 

282 

=     3. 99  or   4 
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view  of  the  ease  with  which  most  of  it  is  expelled,  leads  to  an  ortho- 
sUicate  ratio— R'„R".R'",  (810,)""^. 

On  the  whole,  considering  also  the  bad  summation  of  the  analysis, 
it  is  more  rational  to  regard  the  mineral  as  a  hydration  product  of  an 
original  metasilicate  molecule  than  to  attempt  to  construct  a  complex 
formula  which  could  have  but  a  very  doubtful  value.  As  the  mineral 
is  not  a  mixture,  but  is  optically  well  individualized,  we  have,  after 
some  hesitation,  thought  best  to  designate  it  by  the  name  vwrencite^ 
derived  from  the  locality  in  which  it  was  found. 

lilBETHENITE. 

This  hydrous,  basic  phosphate  of  copper  (HjCu^PjOjo)  was  found  30 
feet  below  the  adit  level  of  the  Coronado  lode,  in  the  main  shoot.  It 
is  a  matter  of  interest  to  record  its  occurrence,  for  this  rare  mineral 
has  never  before  been  noted  in  the  United  States.  It  occurs  in  small 
crystals,  less  than  1  mm.  in  length,  deposited  in  cavities  and  seams  in 
a  quartzite  gangue.  The  mineral  was  identified  by 
Prof.  S.  L.  Penfield,  who  also  kindly  measured  and 
figured  the  crystals.  Professor  Penfield  describes 
the  occurrence  as  follows: 

The  only  asBodated  minerals  are  occasional  clusters  of  mi- 
nute quartz  crystals  and  small  tufts  of  radiated  malachite 
needles.  The  color  of  the  libethenite  varies  from  lijrht  to 
dark  olive-green,  depending  upon  the  size  of  the  crystals. 
The  habit  of  the  crystals,  as  shown  by  the  accompanying 
illustration,  is  a  combination  of  the  prism  m  ( 110)  and  brachy- 
dome  e  (Oil),  which  is  exactly  like  that  commonly  observed 
on  libethenite  from  foreign  localities.  On  an  occasional  crystal 
the  brachypinacoid  6  (010)  was  also  observed.  Although  the  crystals  are  brilliant, 
the  faces  are  generally  vicinal  and  give  uncertain  or  multiple  reflections  of  the 
goniometer  signal.  The  best  reflections  were  obtained  from  the  faces  of  the  dome  f, 
and  three  measurements  of  e  (f,  Oil  Oil  gave  69°  52^  70°  18',  and  70°  W,  The 
last  measurement,  obtained  from  the  best  reflections,  is  close  to  the  value,  70°  8', 
obtained  by  Rose.  The  best  measurements  of  the  prismatic  angle  gave  m  >^  tnf'  \ 
110  >v  ll0  =  87°  ll'',  which,  con&idering  the  vicinal  character  of  the  prismatic  faces, 
is  reasonably  close  to  the  value  of  Rose,  87°  40^,  as  given  in  Dana's  Mineralogy. 
A  small  crystal  resting  on  a  prismatic  face,  when  examined  in  convergent  polarized 
light,  showed  an  optical  axis  nearly  in  the  center  of  the  field,  with  the  dark  bar 
running  at  right  angles  to  the  vertical  axis,  thus  indicating  that  the  optical  axes  are 
in  the  plane  of  the  base,  as  determined  by  Des  Cloizeaux.  The  presence  of  copper, 
water,  and  phosphoric  anhydride  was  determined  by  chemical  tests. 

A  more  detailed  search  would  probably  reveal  small  quantities  of 
phosphates  from  other  mines  near  Morenci.  They  are  certainly  not 
abundant. 


Fig.  4.— Libethenite. 
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BROCIIANTITE. 

This  basic  sulphate  of  copper  (H,Cu^SOio)  is  usually  supposed  to  be 
one  of  the  rarer  minerals.  It  was,  however,  discovered  at  a  few  places 
near  Metcalf  and  Morenci,  in  well-developed  crystals,  and  this  led  to 
a  systematic  microscopic  examination  of  the  green  ores,  hitheilo  sup- 
posed to  be  malachite.  The  result  was  surprising,  as  the  mineral  was 
proved  to  be  of  extremely  common  occurrence,  mostly  intergrown 
with  malachite,  which  had  effectively  masked  its  presence.  It  is 
believed  that  a  careful  examination  of  many  so-called  malachites  from 
other  districts  will  disclose  the  overlooked  importance  of  brochantite 
as  a  copper  ore. 

Brochantite  is  frequently  crystallized  in  the  short  but  stout  rhombic 
prisms  combined  with  dome  and  brachj^pinacoid  characteristic  of  the 
species.  Needle-shaped  and  flat  crystals  are  more  rare.  The  crystals 
are  usually  of  small  size  and  frequently  microscopic.  It  occurs  as 
lighter  or  darker  emerald-green  crusts  on  limonite  or  sericitized  por- 
phyry from  the  red  ore  body  in  the  Shannon  mine,  from  the  Metcalf 
mines  and  man}'  other  places;  as  fine-grained  aggregates  in  altered 
porphyry  at  the  Shannon  mine,  near  the  surface,  constituting  valu- 
able ore  with  as  much  as  30  per  cent  copper;  from  croppings  of  the 
King  vein,  filling  seams  and  coating  porphyry  fragments  as  flat  pieces 
or  even  foils  with  almost  pearly  luster;  from  the  croppings  of  the 
Copper  Queen  mine  between  Morenci  and  Metcalf,  here  as  flat  stellar 
aggregates  of  bluish  green  foils;  at  manj^  places  near  Morenci,  as,  for 
instance,  Copper  Mountain  and  Montezuma  mines,  at  the  latter  locality 
replacing  chalcocite.  It  would  probably  not  be  found  absent  from 
any  mine  in  the  district  containing  oxidized  copper  ores.  Malachite 
often  develops  later  than  the  brochantite. 

On  the  whole,  the  mineral  is  most  abundant  in  fissure  veins  in  por- 
phyry, though  also  occurring  in  the  irregular  deposits  in  limestone. 

Brochantite  has  an  excellent  cleavage  parallel  to  the  brach3'pinacoid. 
The  macropinacoid  is  the  axial  plane  and  the  acute  bisectrix  is  seen 
emerging  in  cleavage  foils.  Pleochroism  very  slight.  Birefringence 
much  lower  than  malachite,  alK)ut  equal  to  that  of  augite.  This,  as 
well  as  the  absence  of  twins,  distinguishes  brochantite  from  malachite. 
The  reaction  for  sulphuric  acid  is  of  course  a  valuable  aid. 

SPANGOIilTE. 

This  peculiar  mineml  (HigCujAlClSOi,),  essentially  a  highly  basic 
chloro-sulphate  of  copper  and  aluminum,  was  discovered  and  described 
by  Prof.  S.  L.  Penlicld"  al>out  fifteen  years  ago.  The  specimen  came 
from  some  point  within  200  miles  of  Tombstone,  Ariz.,  and  probably 

a  Am.  Jour.  Sci.,  ser.  3, 1890,  vol.  39,  pp.  370-378. 
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from  one  of  the  great  copper  camps  of  the  Territory.  Somewhat  later 
it  was  identified  by  Prof.  H.  A.  Miei*s  on  two  specimens  from  Corn- 
wall, England,  but  the  American  locality  has  not  yet  been  found.  It 
is,  therefore,  a  matter  of  interest  to  record  its  discovery  on  some  speci- 
mens from  the  Metcalf  mine  of  the  Arizona  Copper  Company,  taken 
from  the  workings  in  the  great  open  cut  not  more  than  100  feet  below 
the  surface.  These  specimens  consist  of  white  sericitized  granite- 
porphyry,  in  part  silicified,  and  traversed  by  veinlets  and  irregular 
masses  of  cuprite;  the  cuprite  contains  native  copper  and  is  covered 
by  crusts  of  malachite,  brochantite,  and  chrysocolla.  A  soft  and  scaly 
bluish-green  coating  on  the  chrysocolla  proved  to  consist  of  microscopi- 
cal hexagonal  crystals  or  cleavage  foils,  remaining  dark  between  crossed 
nicols.  The  mineral  was  identified  as  spangolite,  a  determination  in 
which  Professor  Penfield  concurred.  No  measurable  crystals  were 
found,  and  the  mineral  is  very  inconspicuous.  It  is  difficult,  if  not 
impossible,  to  obtain  material  entirely  free  from  other  minerals. 

Selected  bluish  flakes  from  this  specimen  gave  tests  for  water,  and 
the  sulphate  and  chlorine  ions,  besides  copper.  There  was  too  little 
of  this  pure  material  to  permit  of  a  test  for  alumina,  but  the  mixed 
copper  minerals  composing  the  greater  part  of  the  specimen  showed 
the  presence  of  this  body.  It  seems  therefore  probable  on  these 
grounds  alone  that  the  bluish  flakes  are  spangolite.  Vanadium,  phos- 
phorus, and  arsenic  are  absent. 

The  closed-tube  reactions  of  the  mixed  copper  minerals  are  very 
striking.  Water  is  given  off  first.  Then  appears  suddenly  a  white 
sublimate  (AlClj?)  near  the  assay,  which  seems  to  form  or  at  once 
change  to  minute  colorless  drops.  This  deposit  can  be  driven  slowly 
up  the  tul)e,  followed  at  its  lower,  sharply  defined  edge  by  dark  yellow- 
brown  drop^  (CuCl,0^  which  on  cooling  solidify  to  greenish  crystal- 
line aggregates,  and  the  part  of  the  tube  between  them  and  the  assay 
shows  under  the  lense  delicate  feathery  crystallizations  like  frost  mark- 
ings on  window  panes.  Down  in  the  flame  the  glass  becomes  colored 
red  (Cu,0?)  and  in  parts  yellow.  On  charcoal  the  blowpipe  flame  is 
colored  azure  blue  and  at  the  same  time  green. 

In  order  to  compare  the  above  closed-tube  behavior  with  that  of 
undoubted  spangolite,  a  small  fragment  of  the  latter,  offered  by  Pro- 
fessor Penfield,  was  tested.  It  gave  water  and  then  a  white  sublimate 
like  the  one  above  mentioned,  followed  by  a  dark  olive-brown  liquid, 
which  on  cooling  passed  through  lighter  shades  of  color  and  solidified 
as  a  bright  green  ring.  In  general  this  behavior  is  very  like  that  of 
the  mixture  under  examination  from  Clifton. 

GERHARDTITE. 

The  cliffs  of  granite-porphyry  in  the  deeply  eroded  Chase  Creek 
Canyon  at  Metcalf  in  many  places  show  a  conspicuous  and  extensive 
bright  green  coating  of  some  copper  mineral,  which,  no  doubt,  is 
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formed  by  the  trickling  of  atmospheric  waters  over  and  through  rocks 
containing  a  small  percentage  of  copper.  This  is  not  surprising,  for 
porphyry  in  this  vicinity'  is  altered  throughout  by  quartz  cementation 
and  disseminated  cupriferous  pyrite.  This  ''green  paint,"  as  it  is 
frequently  called,  is  not  soluble  in  water,  and  more  closely  examined 
consists  of  small  dark-green,  roughly  mammillary  forms,  coating  the 
rock  to  a  thickness  of  a  few  millimeters.  Examination  by  the  micro- 
scope fails  to  reveal  any  recognizable  mineral  in  the  cryptocrystalline 
mass. 

Chemical  examination  led  to  the  interesting  result  that  the  copper 
minerals  present  consist  of  a  nitrate  and  a  chloride,  neither  of  which 
has  been  found  elsewhere  in  the  mines  of  the  district.  Detrital  grains 
and  some  silica  seem  associated  with  these  compounds.  The  nitrogen 
seems  difficult  to  account  for  in  the  absence  or  scarcity  of  animal  sub- 
stances which  might  have  yielded  it.  Possibly  it  is  contained  in  the 
porphyry. 

The  closed-tube  reactions  of  the  copper  minerals  forming  the 
mixture  on  this  specimen  are  as  striking  in  their  way  as  those  of 
the  mixture  containing  spangolite,  described  elsewhere.  Water  first 
appears,  then  brownish  nitrous  vapors,  followed  by  a  sublimate  which 
is  not  very  volatile,  becomes  black  on  further  heating  but  on  cooling 
yellow-brown.  The  glass  at  the  bottom  of  the  tube  is  often  yellow- 
brown  when  cold.  After  some  hours  the  sublimate  nearly  disappears 
or  becomes  greenish  from  absoi^ption  of  water.  If  the  water  which 
condenses  in  the  upper  part  of  the  tube  on  first  applying  heat  is  driven 
out  by  the  flame,  and  the  mouth  of  the  tube  is  held  in  the  flame,  this 
is  colored  deep  green  by  a  volatile  copper  compound  (chloride?).  On 
charcoal  the  flame  is  azure  blue  and  at  the  same  time  green.  Vana- 
dium is  absent. 

The  mixture  contains  presumably  the  ba-sic  nitmte  gerhardtite 
(HjCu^NjOig)  and  a  chloride  which  is  perhaps  atacamite.  Spangolite, 
the  chloride,  can  hardly  be  present,  for  the  slight  amount  of  SO,  shown 
by  test  does  not  seem  sufficient  to  account  for  the  large  amount  of 
chloride. 

The  only  place  from  which  gerhardtite  has  previously  been  identified 
is  at  Jerome  mines  in  the  central  part  of  Arizona,  associated  with 
cuprite  and  malachite.  It  was  discovered  there  by  Messrs.  H.  L.  Wells 
and  S.  L.  Penfield. 
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TWO  TELLURIUM  MINERALS  FROM  COLORADO. 


By  W.  F.  HiLLEBRAND. 


1.  BMMONSITE  (?)  FROM  A  NEW  IX)CAI.ITY. 

Messrs.  F.  L.  Ransome  and  Waldemar  Lindgren,  of  the  Geological 
Survey,  collected,  in  the  W.  P.  H.  mine  at  Cripple  Creek,  a  green  min- 
eral which  has  been  observed  in  other  mines  there,  and  which  on  exami- 
nation in  the  laboratory  showed  close  resemblance  to  the  emmonsite 
described  by  the  writer  nearly  twenty  years  ago.**  It  differed  from 
it,  however,  in  outward  appearance  by  assuming  mammillaiy  forms 
instead  of  crystalline  plates.  In  its  optical  properties,  so  far  as  they 
were  determinable,  there  is  perhaps  no  positive  disagreement  with 
those  reported  for  emmonsite.     Mr.  W.  T.  Schaller  reports  as  follows: 

There  are  two  cleavages,  one  paralled  to  6(010)  and  another  parallel  to  a  form  in 
the  orthozone.  Axial  plane  parallel  to  6(010).  Bx^  perpendicular  to  a  cleavage  face 
in  the  orthozone.  The  extinction  on  the  clinopinacoid  is  inclined  25°  to  30°  to  the 
vertical  axis.  2E  is  approximately  40°.  Double  refraction  medium,  and  the  min- 
eral nonpleochroic. 

The  gangue  in  which  the  specimens  were  found  is  granite  and  schist, 
close  to  their  contact  with  a  porphyritic  breccia,  in  a  vein  pocket,  at  a 
distance  of  about  160  feet  from  the  surface.  Associated  with  it  was 
very  rich  native  gold  ore  and  also  tellurite,  though  neither  of  these 
was  apparent  on  the  few  specimens  that  came  to  the  laboratory. 

Like  emmonsite,  the  mineral  melts  at  a  low  heat  to  a  red-brown  liquid, 
!>ut,  unlike  it,  gives  on  stronger  heating  only  tellurous  oxide  with  no 
trace  of  selenium  or  selenious  oxide.  Analysis  confirmed  the  absence 
of  selenium.  Its  density,  too,  differs  from  that  of  emmonsite,  if  the 
determinations  in  both  cases  on  scanty  material  are  to  be  depended 
on.  After  allowing  for  gangue,  the  original  emmonsite  was  judged  to 
have  a  density  of  at  least  5,  while  that  of  the  present  mineral  is  but 
little  above  4.53,  after  allowing  for  24.44  per  cent  of  gangue,  consist- 
ing mainly  of  quartz,  and  to  which  the  specific  gravity  of  quartz  was 
assigned. 

In  its  appearance  the  present  mineral  would  seem  to  resemble 
dui*denite  more  than  emmonsite,  but  the  marked  difference  in  water 

«  Proc.  Colorado  Sci.  Soc..  vol.  2,  p.  20, 1885. 
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content  differentiates  it  sharply  from  that  mineml,  durderiite  yielding 
over  10  per  cent. 

After  deducting  22.44  per  cent  of  gangue  containing  over  90  per 
cent  of  silica,  three  portions  of  from  0.15  to  0.20  gmm  net  weight 
each  gave  the  following  results: 


TeOz 

FeA 

H.Oat  100° 

HjO  above  100°  . 

PA 

AiA 


1. 

70.83 
22.67 

4.68 


71.80 
22.81 

4.82 

.34 

.58 


3. 


70.20 

22.79 

.21 


.54 


:i: 


70.71 
22.76 
.21 
4.54 
.34 
.56 
.88 


100.00 


Ratios. 


3.16 
1.00 


1.77 


n  Includes  alkalien,  traces  of  magnefda  and  gold,  and  a  small  an^ount  of  a  metal  or  melalH  precipi- 
lable  by  hydrogen  sulphide  whose  identity  could  not  be  established. 

Allowing  the  alumina  to  offset  the  PjOg,  though  it  may  belong  to 
a  soluble  silicate  or  to  the  tellurite,  and  a  small  portion  of  iron  be 
demanded  for  the  PjOg,  the  ratios  given  in  the  final  column  result. 
The}^  are  as  unsatisfactory  as  those  afforded  by  the  original  emmons- 
ite,  which  were  for  FcjO,  to  TeOg,  1:3.65  in  the  original  description 
and  1:3.75:1.82  for  Fej03:Te02:H20  if  the  supplementary  detenui- 
nations  in  Am.  Jour.  Sci.,  vol.  40,  p.  81, 1899,  are  accepted.  The  pres- 
ence of  tellurite  in  association  with  the  green  mineral  suggests  a  possible 
explanation  of  the  failure  to  obtain  a  simple  ratio,  though  such  con- 
tamination was  not  noted  in  the  material  analyzed  nor  on  the  neigh- 
boring gangue.  If  this  explanation  is  correct,  however,  the  variation 
from  the  original  emmonsite  ratio  becomes  still  more  marked.  Pro- 
visionally, the  mineral  may  be  regarded  as  emmonsite. 

The  above  results  are  given  in  some  detail,  notwithstanding  their 
inconclusiveness,  because  of  the  importance  of  accumulating  data 
regarding  the  as  yet  small  but  interesting  group  of  ferric  tellurites, 
and  inciting  collectors  and  mining  men  to  careful  search  for  and  pres- 
ervation of  further  material  for  more  extended  study. 

Thus  far  emmonsite,  durdenite,  and  an  unnamed  mineral  from 
Cripple  Creek,  described  by  Knight  in  Proc.  Colorado  Sci.  Soc, 
vol.  5,  p.  66^  and  affording  likewise  unsatisfactory  ratios,  comprise 
the  list  of  natural  ferric  tellurites,  the  formula  of  no  one  of  which  can 
be  regarded  as  established  beyond  question. 
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2.  TETRABYMITE. 

Specimens  received  in  tlie  Survey  laboratory  from  Mr.  H.  B.  Trader 
and  said  to  come  from  some  locality  near  Whitehorn,  Fremont  County, 
proved  to  be  tetradymite.  They  showed  the  mineral  in  masses  of 
considerable  size,  which,  although  manifesting  the  eminent  cleavage 
of  tetradymite,  were  devoid  of  distinct  evidences  of  crystal  form. 
The  specific  gravity  at  20^  C  was  7.816.  Analysis  afforded  the  fol- 
io wmg  results: 


1. 

- 

52.13 

1 

Mean. 

Atomic  ratio. 

Bi 

Te 

1 

52.00 

...!        46.62 

...!          «.20 
1 

.13  ! 

52.30 

46.82 

.14 

■1 

1 

.1 

>j 

52.14 
46.62 
.20 
.14 
.22 
.15 

0.2498  =2.0 
.3651 

Se 

S 

.  0025  =2. 98 
.0044 

Fe^O, 

.22    .. 

Insoluble 

..J            .15  1.. 



!               i 

J 

99.47 



uApprui 

Limate. 

Digitized  by  VjOOQLC 


NOTES  ON  LAWSONITE. 


By  W.  T.  ScHALLER  and  W.  F.  Hillebrand. 


Crystals  of  lawsonite  are  very  simple  in  their  combinations,  the 
common  forms  being  the  prism,  base,  and  brachydome.  Two  habits 
occur — tabular  crystals'  with  {OOl}  and  {llO}  and  crystals  with  the 
forms  {110}  and  {Oil}.  The  brachypinacoid  and  the  brachydome  {041} 
also  occur.  A  large  number  of  crystals  from  the  typical  locality  in 
Marin  County,  Cal.,  were  collected  by  the  writer  and  carefully  exam- 
ined with  a  hand  lens  for  any  additional  forms.  Only  two  new  forms 
were  determined. 

The  forms  observed  on  the  six  crystals  measured  are: 


e=0     =001 
i=Ox)  =010 

7/2  =  00     =110 


rf=01=011 
,.=04=041 
7'=  2=221 
s=  3=331 


The  angles  measured,  with  those  calculated  for  these  forms,  are 
quoted  in  the  table  following: 


No. 

Letter. 

Syr 

Gdt. 

1 

(' 

0 

2 

b 

Ox 

3 

m 

X 

4 

d 

01 

5 

e 

(H 

6 

r 

2 

7 

8 

3 

Miller. 

001 
010 
110 
Oil 
041 
221 
331 


Mea8ured. 


raleulate<l. 


^ 

p 

0 

, 

0 

, 

0 

02 

0 

00 

90 

00 

56 

22 

90 

00 

0 

09 

m 

36 

0 

00 

71 

18 

56 

27 

69 

10 

56 

22 

76 

21 

*. 


I 


0  00 

56  22 

0  00 

0  00 

M\  22 

56  22 


0 
'  iK) 

i  ■' 


(X) 
00 
00 
27 
18 
27 
58 


58 
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The  new  pyramid  r=2={22l}  is  present  on  two  crystals,  the  faces 
jriv  ing  good  reflections.     Fig.  1  shows  one  crystal  on  which  this  form 

OC\*lll>i. 

The  new  pyramid  «=3={33l}  is  present  on  only  one  crystal  and 
but  one  face  of  the  form  occurs.  The  relative  size  of  the  face  is 
a!)out  the  s?ame  as  that  of  the  preceding  pyramid.  The  reflection  was 
fair. 

The  brachydomes  are  usually  deeply  striated,  rendering  it  difficult 
to  determine  with  certainty  any  domes  present.  On  two  crystals 
reflections  were  obtained  from  two  faces,  measurements  of  which 
agree  with  the  angles  calculated  for  the  form  {034}.  The  form  is 
rather  uncertain  and  is  not  included  with  the  others. 


Measured. 
♦  P 

0°  23'    28<»  07^  —  14' 

QO  QQ,     28<»  07' 


Calculated. 
0<»  (Xy    28°  59^ 


The  combinations  observed  on  the  crystals  measured  are  shown  in 
the  following  table: 


Cryst.  No. 


-. 

m 

d 

b 

m 

d 

,  . 

m 

d 

b 

m 

d 

b 

m 

d 

.. 

m 

d 

Fio.  &.~Law8onite. 


The  following  table  is  a  calculation  of  the  two  new  forms  corre- 
sponding to  the  tables  given  in  Goldschmidt's  Winkeltabellen. 


No. 

Let- 
ter. 

Sym- 
bol. 

Mil- 
ler. 

^. 

p- 

^,. 

lo. 

^ 

1- 

(Prism)  1  y. 

t9  fi- 

6 
7 

r 

s 

! 

2 

3 

1 

221 
331 

o  / 

56  22 
56  22 

o   / 

69  27 
75  58 

o   / 

a5  45 
73  17 

o   / 

55  54 
65  42 

o   / 

51  13 
53  53 

31  14 

32  30 

2.2204  1.4770 
3.3306  1  2.2155 

2.0667 
4.0001 
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Material  carefully  purified  by  the  Thoulet  solution  followed  by 
repeated  electromagnetic  extraction,  and  having  then  a  specific  gravity 
of  3.121  at  25^,  gave  the  following  results  on  analysis:** 


11.42 
100.00 


Titanium  is  not  considered  in  the  ratio  because  probably  present  a^ 
an  inclusion  of  rutile  or  titanite.  If  the  latter,  the  ratio  would  per- 
haps approximate  still  more  closely  to  the  theoretical  than  it  does. 
The  agreement  with  the  formula  deduced  by  Ransome  and  Palache 
from  their  rather  widely  differing  analyses  isvvery  satisfactory.  The 
l>ehavior  of  the  mineral  before  the  blowpipe  is  somewhat  different 
from  that  given  by  those  authora,  or  rather  their  statement  needs 
amplification.  On  first  applying  the  flame  a  splinter  appears  to  fuse 
easily,  as  stated,  and  there  is  formed  a  blebby  glass,  or  on  larger 
splinters  a  porous  sinter,  but  this  fusing  is  only  momentary,  and  it 
requires  the  highest  heat  attainable,  under  which  the  fragment  emits 
quite  an  intense  lights  to  produce  a  further  softening  and  rounding  of 
the  edges.  If  a  rather  large  splinter  is  held  in  the  flame  of  the  blow- 
pipe, or  in  a  small  flame  of  a  blast  lamp,  a  very  sudden  and  marked 
exfoliation  is  observed,  but  even  the  extruded  points  and  edges  do  not 
fu.se  completely  in  the  highest  attainable  heat.  The  semif  used  surface, 
however,  appears  dark  on  cooling,  sometimes  nearly  black  where  the 
heat  was  most  intense.  In  producing  this  exfoliation,  if  care  is  taken 
to  apply  the  flame  but  for  a  moment,  it  has  been  noticed  that  a  singu- 
larly sliaped  excrescence  may  shoot  out  from  a  point  of  the  surface. 


n Concerning  this  purified  material,  Doctor  Ranaome  reports  a»  follows: 

"I  should  May  the  material  is  as  pure  as  it  is  poesiblc  to  get  it.  The  grains  are  all  lawsonite.  but 
vary  in  individual  purity.  Some  are  perfectly  cltiar.  Others  have  minute  inclusions,  which  appear 
in  mo8t  cases  to  be  solid  pariicles  but  are  too  minute  for  identification.  One  of  them,  however,  was 
suggestive  of  rutile.  Some  of  the  grainn  are  slightly  clouded  with  a  yellowish  stain  which  the  micro- 
scope is  unable  to  resolve  into  distinct  particles.    There  are  apparently  a  few  fluid  inclusions  also." 
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FORMULA  ASSIGNED  TO  THAL^NITE.  f 

f 


By  W.  F.  HiLLEBRAND. 


In  a  paper  describing  the  new  yttrium  silicate  thal^nite,"  the  author, 
C.  Benedicks,  casts  doubt  on  the  formula  assigned  by  Hidden  and 
Mackintosh*  to  their  mineral  yttrialite  from  Llano  County,  Tex.,  for 
which  they  deduced  the  formula  R,052Si02  or  R^SijOy,  in  which  RjO, 
includes  the  sesquioxide  equivalents  of  very  considerable  percentages 
of  monoxides  and  dioxides.  Benedicks  would  assign  yttrialite  to  a 
group  of  which  rowlandite  is  the  prototype  and  to  which  he  believes 
thal^nite  and  kainosite  belong,  these  being  either  plain  basic  salts  of 
H.SijO^  of  the  type  R"W\S\Pi^  or  derivatives  in  which  the  fifteenth 
oxygen  atom  is  replaced  by  its  equivalent  in  fluorine  (rowlandite)  or 
CO,  (kainosite),  as  shown  below. 

Y  =  SiA=Y\ 

H,<  >0         Thalenite. 

Y  =  SiA=Y/ 

Y  =  SiA=Yv 

Fe<  >0         Yttrialite. 

Y  =  SiA=Y/ 

Y  =  SiA  =  Y-Fl 

Fe<  Rowlandite. 

Y  =  SiA  =  Y-Fl 

Ca  =  SiA  =  Y. 
H,<  >CO, 

Ca=Si,0,=Y/ 


Kainosite. 


Benedicks  says: 

Dem  Yttrialit,  von  Hidden  find  Mackintosh  beschrieben,  sollte  die  Formel  RjOg, 
2Si02  zukommen,  worin  R  haupteachiich  Ytter-  und  Thorerde  ist.  Dabei  wird  aber 
ca.  4^  Eieenoxydul  in  der  Analyse  vemachliissigt.  Wird  dies  nebst  etwas  Kalk  und 
Bleioxyd  mitgerechnet,  so  bekommt  man  die  Formel  Fe^^O,  2R2OS,  4810^,  analog 
mit  der  des  Thal^nits,  welche  besser  die  Zusammensetzung  des  Yttrialits  wiedergibt, 
obgleich  die  Ubereinstimmung  gar  nicht  gut  ist. 

a  Bull.  Oeol.  Inst.  Upsala,  4, 1896, 1.  b  Am,  Jour.  Sci.,  ser.  8,  vol.  38, 1889,  p.  477. 
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It  is,  however,  not  true  that  Hidden  and  Mackintosh  neglected  to 
take  account  of  the  ferrous  iron,  etc.,  of  their  analysis.  It  was 
regarded  in  the  derivation  of  their  empiric*al  formula  RjSijO^.  How 
wholly  unwarranted  was  the  substitution  by  Benedicks  of  his  formula 
for  yttrialite  is  shown  by  the  molecular  ratio  for  ROiRjOjiSiO,,  which 
he  gives  as  1:2:4  instead  of  1:3.25:7.42,  as  calculated  by  me  from 
Mackintosh's  figures,  wherein  for  a  sound  reason  I  have  converted  his 
UOj  into  UO„  thus  throwing  it  with  the  ThO,,  where  it  natorally 
belongs.    The  agreement  is  indeed  ^^gar  nicht  gut" 

'Benedicks  has  made  the  grave  mistake  of  counting  Mackintosh's 
monoxide  bases  a  second  time,  thus  making  a  basic  salt  K^W\  ^hO^ 
instead  of  the  normal  one  R'"^  Si^Oj^,  to  which  Mackintosh's  results 
closely  conform. 

DISCUSSION  OF  BENEDICKS'S  FORMUIiA  FOR  THAIi:6xiT15. 

Moreover,  in  the  light  of  the  data  furnished  by  Benedicks  himself 
it  can  not  be  admitted  that  the  formula  HjY^Si^Oja  for  thal^nite  is 
established. 

Water  was  determined  by  him  according  to  Penfield's  method,"  but 
without  any  hint  as  to  the  particular  modification  employed.  If,  as 
seems  probable,  the  water  expelled  from  the  mineral  was  caused  to 
recondense  in  the  cooler  part  of  the  ignition  tube,  the  latter  being 
then  weighed,  and  again  after  driving  the  condensed  water  out,  two 
serious  sources  of  error  have  to  be  considered:  (1)  The  CO,  present  in 
the  mineral,  which  would  count  in  part  as  water  unless  a  very  careful 
correction  was  made,  as  provided  for  by  Penfield.  No  mention  is 
made  by  Benedicks  of  any  such  correction.  (2)  Nitrogen  and  helium 
are  said  to  comprise  1.4  per  cent  of  the  mineral  by  weight.  If  so, 
these  would  introduce  an  error  in  the  above  water  determination  of 
contrary  sign  to  that  due  to  CO,,  and  if  the  proportion  of  helium  were 
large  this  error  might  be  of  very  considerable  magnitude. 

In  an  appendix  to  his  paper  Benedicks  gives  an  analysis  of  what  he 
considers  to  be  a  very  pure  form  of  thal^nite.  He  makes  no  compar- 
ison of  this  with  his  earlier  analysis,  nor  does  he  deduce  a  molecular 
ratio,  which  I  find  to  be  1:2.6:5.15,  or  1:3.03:6.02  if  small  amounts 
of  lime,  magnesia,  and  soda  are  neglected,  instead  of  1: 2:4,  as  required 
by  his  formula.  There  being  no  CO,  in  this  purer  material,  the  value 
for  water  (if  determined  as  above  surmised)  may  be  supposed  to  be 
affected  only  by  the  error  due  to  nitrogen  and  helium.  It  will  lie 
seen  that  the  neglect  to  regard  lime,  magnesia,  and  soda  in  his  second 
analysis  affects  the  ratio  very  serioasly.  This  neglect  may  be  justified 
in  figuring  on  his  first  analysis  because  of  an  approximate  balancing 
by  CO,,  but  it  would  be  by  no  means  so  in  the  other,  in  spite  of  the 
very  satisfactory  ratio  obtained  and  leading  to  the  empirical  formula 

a  Am.  Jour.  8ci.,  ser.  3,  vol.  4»,  1»H,  p.  81. 
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R"R'",  SigO„,  which  is  susceptible  of  a  variety  of  interpretations.  It 
may  represent  a  basic  salt  of  diorthosilicic  acid  R"R"'5(R"'0)'(Si,07)3 
or  of  metasilicic  acid  R"R'",(R'"0)'4(SiOs)e,  or  possibly  even  of  other 
acids.  ■    ' 

Finally,  if  the  values' for  nitrogen  and  helium  are  really  anywhere 
near  so  great  as  given,  an  additional  argument  against  the  validity  of 
his  formula  is  furnished.  For  in  the  light  of  Kohlschutter's  recent 
researches «  and  my  own  less  conclusive  work  of  a  much  earlier  date,* 
it  is  in  the  highest  degree  Nprobable  that  nitrogen  and  helium  are  not 
occluded  in  uraninite  and  other  minerals,  but  are  in  chemical  combina- 
tion. Now,  if  this  is  so,  in  a  mineral  containing  as  much  as  1.4  per 
cent  of  nitrogen  by  weight,  this  must,  quite  irrespective  of  its  form  of 
combination,  play  so  important  a  rdle  in  the  molecule  as  to  utterly' 
invalidate  any  formula  based  on  calculations  from  which  it  is  omitted. 
If  the  above  percentage  is  made  up  in  large  part  of  helium,  its  effect, 
because  of  its  low  atomic  weight,  must  be  vastly  greater  than  that  of 
nitrogen. 

Until  light  is  thrown  on  the  nature  of  the  combinations  these  two 
gases  form  in  minerals,  no  very  positive  conclusions  can  be  reached  as 
to  the  formulas  to  be  assigned  to  those  minerals  which  contain  them  in 
more  than  traces. 

CHEMICAIi  INVESTIGATION  OP  YTTRIAIilTE. 

At  the  earnest  request  of  Mr.  W.  E.  Hidden,  the  discoverer  of 
yttrialite,  I  undertook  to  reanalyze  the  mineral  in  order  if  possible  to 
settle  definitely  the  question  of  its  composition.  This  seemed  espe- 
cially desirable  since  a  large  quantity  of  very  fine  material  was 
available. 

The  appearance  and  behavior  of  the  mineral  agreed  in  all  respects 
except  one  with  those  of  the  original  description.'^  It  is  there  stated 
that  the  strongly  ignited  mineral  is  insoluble  in  acid.  This  is  a  mis- 
take, for  when  powdered  its  solubility  in  hydrochloric  acid  is  even 
then  perfect,  although  not  rapid. 

Careful  examination  of  thin  sections  under  the  microscope  showed  a 
condition  that  augured  ill  for  decisive  analytical  result*  despite  the 
apparently  fine  quality  of  the  large  specimens.  Distinctly  foreign 
mineral  fragments  were  as  good  as  absent  except  for  insignificant 
coatings  of  a  white  alteration  product,  presumably  a  carbonate,  but 
considerable  shading  was  apparent  in  the  slides,  indicative  of  alter- 
ation or  intimate  contamination  in  the  mass  of  the  mineral  itself. 
However,  after  treatment  with  hot  dilute  hydi'ochloric  acid  (whereby 
much  yttrialite  was  dissolved)  followed  by  dilute  sodium  carbonate,  the 

a  Ann.  der  Chem.,  317, 1901,  p.  158. 

fcBall.  U.  8.  Geol.  Survey  No.  78, 1891,  pp.  76-78. 

oAm.  Jour.  ScL,  wr.  8,  vol.  88, 1889,  p.  477, 
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clear  glassy  residue  appeared  to  be  improved  in  appearance  and  the 
specific  gravity  of  two  samples,  each  composed  of  small  grains  uniform 
in  size  for  each  sample,  had  risen  from  4.596  and  4.590  to  4.654  at 
23i°C.  and  4.646  at  26^  C,  respectively.  '  The  two  sizes  were  then 
mixed,  giving  one  sample  of  about  4.65  sp.  gr.  at  25°  C.  That  of  the 
unpurified  material  analyzed  by  Mackintosh  was  4.575. 

Qualitative  tests  showed  the  absence  of  zirconium,  glucinum,  and 
aluminum  and  the  presence  of  a  little  more  than  a  trace  of  fluorine,  of 
a  very  little  carbon  dioxide,  besides  some  other  gases  which  were  set 
free  by  treatment  with  acids  and  by  fusion  with  an  alkali  carbonate. 

Silica  was  separated  by  two  evaporations  with  hydrochloric  acid; 
lead  was  then  thrown  out  by  hydrogen  sulphide. 

The  earths  when  finally  collected  together  free  from  all  iron,  man- 
ganese, uranium,  titanium,  phosphorus,  calcium,  and  magnesium, 
were  ignited  and  weighed.  No  filtrate  from  a  precipitate  of  earth 
oxalates  was  ever  regarded  as  free  from  earths  till  after  evaporating, 
igniting,  and  retesting.  This  is  a  needed  precaution  in  all  similar 
analyses. 

The  combined  earths  were  dissolved  in  nitric  acid  and  evaporated  to 
dryness.  A  saturated  solution  of  potassium  sulphate  was  poured  upon 
the  dry  mass,  which  wholly  dissolved  but  almost  at  once  began  to  de- 
posit double  sulphates.  Solid  potassium  sulphate  was  then  added  in 
crystals.  After  twenty- four  hours  the  precipitate  was  collected  on  a 
filter  and  washed  with  the  precipitant  solution.  Twice  was  this  pre- 
cipitation repeated  after  first  dissolving  the  double  salts  in  ac^id,  pre- 
cipitating by  potassium  hydroxide,  washing,  redisvsolving  in  nitric 
acid,  and  evaporating.  Then  only  was  the  extraction  of  the  yttrium- 
erbium  group  practically  complete.  From  the  combined  filtrates  the 
soluble  earths  were  thrown  out,  reconverted  into  nitrates,  and  again 
treated  with  potassium  sulphate,  whereby  a  little  further  insoluble 
matter  was  obtained.  Yttrium-erbium  oxides  obtained  from  the  oxa- 
lates gave  a  light-colored  mixture  of  265.6  Mol.  W.  (108.8  At.  W.), 
which  furnished  a  pink  nitrate  solution  showing  the  erbium  absorp- 
tion bands  strongly  marked,  with  very  faint  indications  of  the  strong- 
est band  of  the  didymium  components. 

The  insoluble  sulphates  were  converted  into  chlorides  and  thrice 
treated  with  potassium  hydroxide  and  chlorine  to  precipitate  thorium 
and  cerium.  From  the  filtrates  the  soluble  earths  were  recovered  and 
subjected  to  a  repetition  of  this  treatment.  Their  oxides  after  purifi- 
cation were  light  dirt}^  brown  when  heated  over  the  Bunsen  flame,  but 
grayish  white  when  blasted.  Their  Mol.  W.  was  835.5  (At.  W.  143.7); 
their  nitrate  solution  was  pink  and  gave  the  characteristic  didymium 
component  absorption  bands  altogether  free  from  those  of  the  erbium 
constituents. 
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Cerium  and  thorium  were  separated  by  a  combination  of  the  am- 
monium oxalate  and  thiosulphate  methods.  The  weighed  thoria  was 
pure  white,  the  ceria  of  a  pale  salmon  color. 

The  condition  of  the  uranium  was  shown  by  its  precipitability  as 
tetrafluoride  on  dissolving  the  mineml  in  hydrofluoric  acid.  This 
reaction  afforded  a  ready  means  of  estimating  with  exactness  the 
ferrous  iron  by  permanganate  after  rapidly  filtering  off  the  fluorides 
precipitated  in  an  atmosphere  of  carbon  dioxide.  Solution  of  the  # 
mineral  in  a  sealed  tube  with  dilute  sulphuric  acid  allowed  of  finding 
the  oxygen  value  of  both  UO,  and  FeO  by  permanganate.  The  result 
thus  found  for  UOj  agreed  marvelously  well  with  that  calculated  from 
the  U3O,  found  gravimetrically  in  a  separate  portion. 


Hillebrand. 


Mackintosh. 


SiO, 

TiO, 

ThO,  .... 

ro, 


YjOj,  etc., «43.45 


A1,0, 

FeA 

FeO 

MnO 

PW) 

CaO 

MgO 

H,0  above  105°  C. 
»,0  below  105°  C  . 
CX), 

PA 


N,  He.) 
Fl,  Alk.J 


iViH. 


a  VolumetricalW.    Gravimetrically  1.62  per  cent 
6Given  as  .SSUOs  by  Mackintosh. 
«•  At.  W.  143.8  (Mol.  W.  335.6). 
rfAt.  W.  162  (Mol.  W.  872). 
r  At.  W.  108.»  (Mol.  W.  265.6). 

Bull.  262—05 5 


/At.  W.  110.3  (Mol.  W.  268.6). 
a  At.  W.  110.53  (Mol.  W.  269.06). 
A  At.  W.  114.9  (Mol.  W.  277.8). 
<At.  W.120(Mol.  W.288). 
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Nitrogen  (?)  and  helium  (?)  were  obtained  quantitativ^ely  by  fusing 
the  mineral  with  sodium-potassium  carbonate  in  a  current  of  carbon 
dioxide  and  collecting  the  gases  in  a  nitrometer  over  potassium 
hydroxide.  The  volume  was  between  one  and  two  cubic  centimeters 
per  gram  of  yttrialite.     The  gases  were  not  further  examined. 

The  analysis  is  given  above,  together  with  that  of  Mackintosh  for 
comparison.  j 

The  ratios  of  Mackintosh's  analysis  as  calculated  above  by  me  are 
certainly  wrong  in  so  far  as  they  are  affected  by  the  value  for  iron, 
which  he  assumed  to  be  wholly  ferrous.  If  corrected  in  accordance 
with  the  statement  of  my  analysis,  or,  what  amounts  to  the  same  thing 
for  the  purpose  of  illustration  and  is  simpler,  if  my  ratio  is  altered  to 
conform  to  his  statement  for  RO  and  RjOj  bases,  it  becomes  .0644: 
.  1882 — a  very  close  agreement. 

It  is  altogether  probable  that  Mackintosh's  separations  of  the  earths 
were  not  so  far  reaching  as  mine,  and  this  belief  is  ])orne  out  by  the 
differences  in  the  experimental  molecular  weights  for  the  lanthanum 
and  yttrium  groups,  mine  being  more  in  accordance  with  what  might 
be  expected  and,  moreover,  agreeing  almost  exactly  with  those  which 
were  found  by  me  for  rowlandite  in  1803,  namely,  33(5.8  and  20(>.2 
respectively." 

It  is  of  course  impossible  to  say  what  disposition  should  be  made  of 
the  small  amounts  of  firmly  held  water,  phosphorus,  carbon  dioxide, 
fluorine,  and  alkalies.  The  mtios  of  my  analysis  are,  therefore,  to  a 
slight  extent  incorrect,  but  probably  not  enough  to  influence  any 
conclusions  that  may  be  drawn.  One  thing  is  apparent,  that  the  pre- 
liminary purification  by  acid  has  had  no  pronounced  effect  on  the 
composition  of  the  mavss  acted  on,  otherwise  Mackintosh's  and  my 
analyses  should  show  far  greater  differences  in  the  main  constituents. 

The  crude  empirical  fornmlas  deducible  from  the  ratios  of  the  two 
analyses  are  nearly 

Hillebrand ----11",,     \V\,,    ll"\,     (Si/X^T 

Mackintosh K",,     R'''^,,     R"",,     (Si,0;),,, 


iThe  three  minerals  p^adolinite,  yttrialite,  and  rowlanilite  m-eur  in  Llanu  County  in  nuwt  intimate 
iisMHlation.  suggeMive  of  elo.se  eoninmnily  of  origin,  a  nuggt-stion  wliieh  is  emphiLsized  by  the  mar- 
velous agreement  for  gadolinite  and  yttrialite,  not  only  in  the  relative  proiK>rtion8  of  the  trivalent 
earth  metals  but  in  their  absolute  amounts  as  well. 


Gadolinite  ((.enth) 

Do 

Ga«iolinite  ( Raklns) 

Yttrialite  ( Hillebrand). . . , 
Rowlandite  (Hillebrand)  , 






— 

-    — 

e,()3 

\^(h 

,  etc. 

YoOa 

ete. 

2.f>5 

5.22 

44.35 

2.G6 

5.01 

4.45 

2.62 

5.22 

41. .5.5 

3.07 

5.  IS 

43.45 

5.0<) 

y.;M 

47  70 

This  eoneordant  testimony  of  three  analystM  may  l»e  reganled  as  stmng  evi«len«'e  of  the  eorreetness 
of  tlie  earth  .separations  made  by  them  in  these  eases.  Nearly  the  stime  relation  is  shown  by  the 
trivalent  earth-metals  of  rowlandite,  as  seen  in  the  table  above. 
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there  being  a  slight  deji<ileiicij  of  oxygen  atoms  in  each  case  for  the 
radical  Si^O.,  which  is  increased  by  allowing  for  the  CO,  and  PjO^. 

In  so  far  then  as  the  character  of  the  acid  radical  is  concerned  the 
results  of  Mackintosh's  analysis  are  fully  confirmed,  and  there  is 
absolutely  no  ground  for  accepting  Benedicks's  basic,  formula,  which, 
as  I  have  already  shown  (p.  62),  is  based  on  a  palpable  error.  But 
the  ratios  are  not  at  all  such  as  to  lend  themselves  to  ready  resolution 
into  isomorphous  salts  of  the  acid  H^SijO^.  By  doing  quite  unwar- 
ranted violence  to  the  analytical  data  the  above  formulas  might  be 
reduced  to 

R"    R'".    R""    (Si,0,), 

which  can  be  readily  represented  structurally  as  a  single  complex 
molecule  or  as  a  mixture  of  molecules  like  3R"'jSi207+R"R""Si207. 
In  neither  case,  however,  is  the  type  of  the  rowlandite  molecule 
approached,  which  requires  an  altogether  different  ratio  of  monoxide, 
dioxide,  and  trioxide  bases;  nor,  if  the  second  be  accepted,  is  it  at  all 
clear  that  the  two  molecules  would  be  mineralogically  equivalent — 
that  is,  isomorphous. 

An  alternative  hypothesis  is  to  regard  the  mineral  as  a  mixture 
containing  the  anhydrous  thorite  molecule.  Proceeding  on  this 
assumption  and  deducting  all  thorium  and  ui*anium  and  the  proper 
amounts  of  silicon  and  oxygen,  the  crude  empirical  formulas  become 

Mackintosh' R".,     R-,,     ^\,fi,,,, 

Hillebrand R",^     R'",,.    Si,,,© 

which  may  be  intei-preted  as  basic  salts  of  metasilicic  acid: 


1533 


R".,    R'"..,    (R"'0)',„    (SiO,)^ 

R"..    R'".,.    (R"'0)'..,    (SiO,) 

or    R"       R'",      (R"'0)',      (SiO,), 


'438 
447 


this  last  being  easily  susceptible  of  symmetrical  representation  in 
graphic  form. 

On  the  whole,  I  prefer  to  leave  the  constitution  of  yttrialite  unsettled 
until  fui-ther  evidence  can  be  gathered,  either  from  analyses  of  allied 
minerals  or  from  yttrialite  itself  of  more  certain  purity  than  any  that 
has  yet  been  discovered. 

It  must  not  be  forgotten  that  the  gases  other  than  CO,  contained  in 
the  mineral  may  be  the  cause  of  the  inability  to  arrive  at  satisfactory 
conclusions  in  the  case  of  this  and  all  other  minerals  which  contain 
them,  as  I  have  already  pointed  out  on  page  63. 

My  excuse  for  such  a  lengthy  publication  on  a  matter  still  unsettled 
is  the  desire  to  prevent  general  acquiescence  in  the  grouping  under  one 
type  of  minerals  which  can  by  no  means  be  regarded  as  proved  to 
belong  to  that  type,  and  to  which  yttrialite  certainly  does  not  belong. 
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SUMMARY. 

The  empirical  formula  of  Hidden  and  Mackintosh  for  yttrialite  is 
confinned,  and  it  is  shown  that  the  basic  formula  of  Benedicks  rests 
on  error  and  has  no  standing. 

The  formula  of  Hidden  and  Mackintosh  is  not,  however,  susceptible 
of  representation  as  a  simple  salt  of  the  acid  H^Si^O^.  On  the  purely 
hypothetical  assumption  of  admixture  of  anhydrous  thorite,  the  remain- 
ing constituents  afford  ratios  conforming  quite  closely  to  those  of  a 
basic  metasilicate  R"  R'",(K'"Oy3  (SiO,),. 

It  is  shown  for  two  reasons  fully  discussed  that  the  formula  proposed 
by  Benedicks  for  thalenite  is  to  be  regarded  as  doubtful. 
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A  PSEUDO-SERPENTINE  FROM  STEVENS  BOUNTY,  WASHINGTON, 


By  F.  W.  Clarke. 


In  the  course  of  an  investigation  upon  the  ornamental  stones  of 
Stevens  County,  Wash.,  Mr.  R.-W.  Thatcher  and  Prof.  Elton  Fulraer, 
of  the  State  Agricultural  Experiment  Station,  examined  a  supposed 
serpentine  which  proved  to  have  quite  anomalous  composition.  To 
the  unaided  eye  the  rock  was  ordinary  serpentine  of  a  typical  yellowish 
green  color;  it  was  fairly  homogeneous,  and  capable  of  receiving  a  line 
polish.  Incomplete  analyses,  however,  by  both  of  the  above-named 
chemists  showed  that  it  was  not  serpentine,  and  as  I  had  been  consulted 
with  regard  to  the  interpretation  of  the  data,  a  sample  was  sent  to  me 
for  more  exhaustive  study. 

According  to  Prof.  S.  Shedd  of  the  Washington  Agricultural  Col- 
lege, who  is  conducting  the  investigation,  the  rock  is  from  the  quarry 
of  the  United  States  Marble  Company,  12  miles  north  and  west  from 
Valley,  a  station  on  the  Spokane  Falls  and  Northern  Railroad.  It 
out<^rops  on  the  face  of  a  high  bluff  at  an  elevation  of  about  4,070  feet 
above  sea  level,  and  forms  a  wedge-shaped  mass  cutting  across  the 
mountains  in  a  direction  5^  west  of  north.  The  adjacent  rocks  are 
slates,  which  lie  conformably  upon  a  very  coarsely  crystalline,  dark, 
almost  black,  magnesian  carbonate.  The  ''serpentine"  itself  varies  a 
good  deal  in  color,  and  a  series  of  samples  in  the  United  States 
National  Museum  show  that  the  output  of  the  locality  is  far  from 
unifonn.  They  range  from  a  white  carbonate,  through  various  inter- 
mediate mixtures  of  the  verde  antique  type,  to  material  which  appears 
to  be  ordinary  sei*pentine.  The  latter,  however,  as  shown  by  the 
serpentine  under  consideration,  is  distinctly  laminated  in  structure, 
and  exhibits  a  splintery  fracture.  An  analysis  by  Mr.  George  Steiger 
gave  the  following  results: 

SiO, 13.  OS 

AljO, l.(>:^ 

Fe^O, 1.25 

Fe() 19 

MjrO r><i.44 

CaO 33 

n,()at  100° 85 

H,0  al)Ove  100° 23.94 

CO, 2.03 

99.74 
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These  figures  at  once  suggest  a  probable  admixture  of  brucite  with 
the  serpentinous  material,  and  a  microscopic  examination  by  Mr.  J.  S. 
Diller  tends  to  confirm  this  supposition. 

According  to  Mr.  Diller  the  specimen  is  mainly  composed  of  three 
minerals,  a^  J,  and  c.  The  first  two  have  nearly  equal  indices  of  re- 
fraction, but  differ  widely  in  birefringence.  The  mineral  a  is  the 
most  abundant.  In  transmitted  light  it  is  colorless,  but  between 
crossed  nicols  it  exhibits  brilliant  colors.  The  mineral  h  is  pale  green, 
and  intenningled  with  a.  Its  birefringence  yields  weak  colors,  quite 
characteristic  of  chlorite.     In  quantity  it  is  less  than  one-fourth  of  a. 

Mineral  c  is  granular,  in  scattered  grains  and  irregular  groups  with 
a  high  index  of  ref inaction  and  a  birefringence  which  suggests  a  car- 
bonate, but  it  does  not  effervesce  with  a  dilute  acid.  It  amounts  to 
not  more  than  5  per  cent  of  the  whole.  Mineral  h  is  certainly  chlorite, 
and  a  may  be  brucite  or  possibly  serpentine. 

By  appljnng  Mr.  Diller's  observations  to  the  analysis  of  the  rock, 
the  proximate  composition  of  the  latter  may  be  deduced;  although 
certain  assumptions  must  be  made.  The  carbonate  present  is  proba- 
bly hydromagnesite,  for  that  species  is  a  frequent  associate  of  brucite. 
The  composition  of  the  chlorite  is  unknown,  but  it  may  be  interpreted 
as  essentially  clinochlore,  and  as  proportional  to  the  ferric  oxide  and 
alumina.  So  much  assumed,  the  analysis  gives  the  following  approxi- 
mate results  expressing  the  composition  of  the  specimen: 

Hydromagnesite 5 

Chlorite 14 

Serpentine 20 

Brucite 60 

Extraneous  water 1 

Total 100 

In  this,  four  minerals  appear  instead  of  three,  but  the  microscopic 
examination  did  not  attempt  to  discriminate  between  the  brucite  and 
the  serpentine. 

In  order  to  obtain  evidence  confirmatory  of  the  foregoing  con- 
clusions, a  few  experiments  were  made,  tending  toward  fractional 
det<»rminations.  Upon  digesting  the  powdered  rock  for  two  hours 
with  cold,  dilute  nitric  acid  (10  per  cent  by  volume),  1.32  per  cent  of 
Fe^jOsH- AljOg  and  47.29  per  cent  Mg()  went  into  solution.  In  a  similar 
experiment  with  cold,  20  per  cent  acetic  acid,  0.69  Fe^Oa+Al^Oj  and 
45. ()4  MgO  were  extracted.  Brucite  dissolves  readily  in  acids  of  the 
indicated  strength,  but  some  chlorite  was  evidently  attacked  as  well. 
I  also  found  that  ordinary  serpentine  was  quite  appreciably  acted  upon 
by  weak  acetic  acid.  These  experiments,  then,  merely  show  that  the 
rock  contains  a  large  amount  of  magnesium  in  a  very  easily  soluble 


Digitized  by  VjOOQIC 


cLARKK.]       PSEUDO-SERPENTINE   FROM   STEVENS   COUNTY,  WASH.       71 

condition,  the  quantity  equivalent  to  60  per  cent  of  brucite  being  41.4. 
Tlie  results  are  in  harmony  with  the  conclusions  already  reached,  and 
help  to  support  them,  although  accurate  fractional  determinations  can 
not  l>e  made.  The  rock  is  unusual  in  character,  and  if  the  sample 
examined  is  fairly  characteristic  of  the  entire  deposit,  the  latter  should 
be  carefully  studied  in  reference  to  its  origin  and  its  geological 
relations. 
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ON  "CALIFORNITE." 


By  F.  W.  Clarke  and  George  Stekjer. 


In  1901  Mr.  G.  F.  Kunz"  called  attention  to  a  remarkable  massive 
variety  of  vesuvianite,  discovered  in  California  by  Mr.  A.  E.  Heigh- 
way,  and  which  at  first  was  thought  to  be  jade.  A  second  locality  for 
the  mineral,  remote  from  the  first,  was  found  some  time  later,  and 
here  the  vesuvianite  was  accompanied  by  another  substance,  which 
proved  upon  examination  to  be  an  unusual  modification  of  garnet. 
For  the  vesuvianite  Mr.  Kunz  proposed  the  varietal  name  ^^califor- 
nite,"  and  at  first  the  garnet  was  supposed  to  be  the  same  species,  but 
different  in  color.  Samples  of  all  three  minerals  were  sent  to  the 
laboratory  of  the  United  States  Geological  Survey  for  analysis,  and 
the  results  obtained  are  given  l>elow.* 

A.  Vesuvianite  from  the.south  fork  of  Indian  Creek,  12  miles  from 
Happy  Camp,  Sbkiyou  County,  Cal. 

B.  Vesuvianite  from  Fresno  County,  Cal.,  35  miles  east  of  Selma. 

C.  White  garnet,  found  with  or  near  vesuvianite  B. 


SiO, 

AlA 

Fe,0, 

FeO 

MnO 

MgO 

CaO 

H,Oatl05°.... 
H,0  above  105*» 

TiO, 

CO, 

PA 

F 


Le88  0=F, 


Specific  gravity  , 


99.95 
3.5S6 


rt Mineral  Remurc^n  V.  S.  for  1901,  r.  8.  (ieol.  Survey;  1902,  p.  747.    Also,  more  fully,  Am.  Jtwir.  Sol., 
1th  i*er..  vol.  16,  1903.  p.  397. 
A  Analyses  by  fJeor^^e  Steiger. 
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These  analyses  may  be  reduced  to  uniform  type  as  follows:  Throw 
out  hygroscopic  water,  PjOj,  and  CO,,  with  the  equivalent  amount  of 
lime  representing  calcite.  Recalculate  TiO,  to  equivalent  SiO,;  Fe,©, 
to  AljO,;  FeO,  MnO,  and  MgO  to  CaO,  and  F  to  H,0.  Then  recom- 
pute to  100  per  cent.     The  reduced  analyses  are  as  follows: 


SiO,. 

AlA 
CaO. 
H,0 


Analyses. 
B. 


Molecular  ratinn. 


37. 28  I  39. 09 

19.74  I  22.82 

39.42  I  37.22 

3.56  I  .87 


100.00 


100.00 


A. 

B. 

c. 

0.589 

0.617 

0.647 

.188 

.193 

.223 

.731 

.703 

.664 

.231 

.197 

.048 

Analysis  C  gives  the  garnet  ratios  quite  sharply,  but  as  the  mineral 
was  white  and  massive,  somewhat  resembling  chalcedony,  its  nature 
was  at  first  unsuspected.  Its  density  is  that  of  garnet,  however,  its 
fusibility  is  the  same,  and  in  thin  section  under  the  microscope  it  is 
optically  isotropic.  It  is  undoubtedly  garnet  containing  as  an 
impurit}"  about  1  per  cent  of  calcium  carbonate. 

Analyses  A  and  B  are  less  eiisily  interpreted.  B  gives  approx- 
imately the  empirical  formula:  2H,0,  2A1,05,  7CaO,  6SiO,;  or,  con- 
stitutionally, 

A1,CX  (SiOJ,  (AlOH)  (A10,H,)  H. 

If  part  of  the  water  is  extraneous,  the  following  much  simpler 
formula  may  hold: 

Al,Ca,  (SiOJ.  (AlOII),; 

and  this  fairly  represents  a  good  many  other  analyses  of  vesuvianite, 
but  not  all.  Vesuvianite  varies  in  composition,  and  its  variations  are 
rather  troublesome  to  interpret,  for  they  may  signify  either  actual 
differences  in  the  mineral  itself,  alterations,  or  impurities.  The 
formula  proposed  by  one  of  us"  some  years  ago, 

Al,Ca,  (SiO,),  (AlOH), 

is  a  good  expression  for  the  average  composition  of  the  species,  but  it 
does  not  fit  the  extremes. 


a  Clarke.  Bull.  l'.  S.  Geol.  Survey  No.  125,  p.  25. 


Digitized  by  VjOOQLC 


74  CONTRIBUTIONS    TO   MINERALOGY.  Ibcli.262 

A  careful  study  of  over  40  analyses  of  vesuvianitc  leads  us  to  sus- 
pect that  it  may  be  a  mixture  of  several  similar  molecules,  which  we 
can  represent  by  the  subjoined  expressions: 

Al,Ca,(SiO,),(A10H)„ 
Al,Ca,(SiOJ.(A10,H,)„ 
Al,Ca,(SiO,).H„ 
Al,CX(SiO,).Ca,; 

the  first  and  third  compounds  usually  predominating.  Stnu^turally, 
and  with  due  regard  to  the  analogy  between  vesuvianite  and  other 
species,  these  formulae  ma}^  be  written  as  follows: 

Al-SiO,=  f  ^^^  Al-SiO,=  \  ^^ 

\SiO,=R".  \SiO,  =  R', 

Ca  Ca 

/SiO,  =  R".  /SiO,  =  R', 

Al-SiO,^  )  p^  Al-SiO,=  I  ^ 

\SiO,=  f^^  \SiO,=  f^» 

About  one-seventh  of  the  calcium  is  replaced  by  magnesium,  and  in 
the  variety  wiluite  the  group  BOH,  analogous  to  AlOH,  probably 
occurs. 

Vesuvianite,  then,  is  to  be  regarded  as  a  basic  orthosilicate,  belong- 
ing to  a  group  of  (compounds  of  which  garnet  is  the  normal  salt. 
Epidote  and  the  scapolites  are  other  members  of  the  same  class,  and 
their  formula*  are  all  strikingly  similar  to  one  another.  As  products 
of  contact  metamorphism  they  originate  under  like  conditions,  and 
they  all  undergo  alteration  in  much  the  same  way,  yielding  similar  or 
even  identical  derivatives.  Garnet,  vesuvianite,  epidote,  and  the 
scapolites  must  be  considered  together  if  the  problem  of  their  consti- 
tution is  to  be  properly  solved. 
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THE  ACTION  OF  SILVER  NITRATE  AND  THALLOUS  NITRATE 
UPON  CERTAIN  NATURAL  SILICATES. 


By  (teorge  Steiger. 


The  following  investigation  is  practically  a  continuation  of  the 
exi>erinients  which  were  described  by  Clarke  and  Steiger  in  a  recent 
bulletin  of  the  United  States  Geological  Survey,**  although  the  new 
work  is  along  somewhat  different  lines. 

In  the  former  research  the  alkalies  and  alkaline  earth  metals  of  cer- 
tain silicates  were  replaced  by  ammonium,  when  the  minerals  were 
heated  in  sealed  tubes  with  ammonium  chloride.  In  the  present  work, 
silver  nitrate  and  thallous  nitrate  have  l)een  substituted  for  ammonium 
chloride,  the  temperature  employed  })eing  somewhat  above  their  fusing 
points.  As  was  anticipated,  the  alkalies  and  alkaline  earth  metals 
were  replaced  by  the  heavy  metal,  thus  giving  additional  data  rela- 
tive to  the  constitution  of  the  minerals. 

The  experiments  were  carried  out  as  follows:  The  very  finely  ground 
material  was  mixed  thoroughly  with  various  amounts  of  nitrate  by 
grinding  in  an  agate  mortar,  the  mixture  was  placed  in  a  tube  of  Jena 
glass,  and  the  tube  was  sealed.  These  tubes  were  then  heated  in  a 
bomb  furnace  for  the  specified  time  and  temperature,  then  opened 
and  the  contents  leached  with  boiling  water  till  the  filtrate  gave  no 
test  for  nitrates.     The  residue  was  then  dried  and  analyzed. 

In  a  recent  paper,*  the  writer  gave  the  results  of  some  preliminary 
work  on  analcite  and  chabazite. 

Heumann*^  prepared  a  silver  ultramarine  by  boiling  the  native  min- 
eral with  a  solution  of  silver  nitrate,  and  A.  H.  Church^  made  a  silver 
phillipsite  by  allowing  a  solution  of  silver  nitrate  to  act  on  the  natural 
mineral  at  ordinary  temperatures  for  almost  three  j^ears. 

For  the  optical  notes  in  the  present  paper,  the  writer  is  indebted  to 
Messrs.  W.  T.  Si^haller  and  J.  S.  Diller. 

The  crystals  in  all  cases  were  too  small  to  permit  a  determination  of 
their  forms.  A  few  optical  observations  were  made,  and  with  the 
exception  of  the  isotropic  compounds,  it  can  be  said  that  all  were 
entirely  crystalline. 

«  Bull.,  U.  8.  Oool.  Sun'ey  No.  207.  rUeb.  Ann.,  vol.  199  (1879).  p.  253. 

b  Am.  Jour.  8oi.,  net.  4.  vol.  14,  July,  1902,  p.  31.  dMin.  Mag.,  1899,  vol.  12.  p.  9. 
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AXAI^GITK. 

The  analcite  upon  which  tho  following  experiments  were  made  wa$« 
well  crystallized  material  from  Table  Mountain,  near  Golden,  Colo. 
Three  silver  derivatives  were  prepared  as  follows: 

A.  Ammonium  analcite  was  heated  in  a  sealed  tul>e  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  houi*s  at  250^-290^  C,  then 
leached  with  boiling  water  and  the  residue  dried  on  the  water  bath. 

B.  The  natural  analcite  was  heated  in  a  sealed  tul)e  with  four  times 
its  weight  of  dry  silver  nitrate  for  4  hours  at  250^-290^  C,  then 
leached  and  the  residue  dried  on  the  water  bath. 

C.  Same  as  B,  but  heated  G  instead  of  4  hours. 

D.  Analysis  of  the  analcite  upon  which  the  experiments  were  made. 
Analysis  gave  the  results  shown  Iwlow: 


SiO^  . . 

Al  A . 
Ag,0  . 
CaO  .. 
Na,0  . 
H^O- 

NH, .. 


42.  69 
18.22 
:?2. 01 


.68 


6.09 
.69 


B. 

41.31 
16.44 
37. 45 


.85 


I). 


40.08 

55.72 

16.29 

23.06 

36.91   '.. 

.81  i 


4.29 


5.  86 


.17 

12.46 

.13 

8.26 


In  leach  water: 
Xa.,0.. 


100. 38 


.60 


100.  34 


15.13 


99.  95  99.  80 

12.57    

I 


The  products  were  all  perfectly  white,  showing  that  no  free  silver 
oxide  contaminated  the  residue.  Under  the  microscope  a  small  amount 
of  the  material  showed  double  refraction,  but  the  larger  portion  of  it 
was  isotropic  like  the  original  mineral. 

Residue  A  was  boiled  for  15  minutes  with  a  5  per  cent  solution  of 
sodium  carbonate,  and  only  a  tnice  of  silica  passed  into  solution.  With 
nitric  acid  the  silver  analcite  gives  sandy  silica,  and  does  not  gelatinize 
on  evaporation. 

A  portion  of  residue  B  was  heated  on  the  water  bath  for  2i  hours 
with  a  10  per  cent  solution  of  sodium  hyposulphite  and  afterwards 
washed  with  water.  In  the  residue  9.45  per  cent  of  Na^O  was  found, 
showing  that  the  silver  salt  had  l>een  converted  back  into  the  sodium 
compound,  though  not  completely,  the  theoretical  amount  of  Na^O 
required  being  14.1  per  cent.  Whether  a  hydrated  salt  had  been  formed 
was  not  determined.  After  treatment  in  a  similar  manner  with  potas- 
sium cyanide  10.04  per  cent  of  K^O  was  found  in  the  residue. 
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Considering^  the  various  amounts  of  alkali  contained  in  the  silver 
residues  as  unaltered  analeite,  deducting  the  ecjuivalent  amount  and 
reducing  the  remainder  to  100,  the  above  analyses  give  the  results 
shown  below:" 


Si<  )j 40.  3*.) 

ALOs '  17.27 

Ag,0 ,%.  65 

HjO I  5.«9 

I  100.00 


40.28 

Thi'oretifal 
Ak  A1 

sLOc.n«o. 

39.  21 

39.  35 

%   15.92 

15.  W 

16.72 

'Ml  78 

39.16 

38.03 

4.02 
100.00 

5.  73 

5.90 

100.00 

100.00 

For  comparison,  there  is  given  in  the  last  column  the  percentage 
composition  of  theoretical  silver  analciU^  Residue  B  shows  a  defi- 
ciency of  water,  possibly  owing  to  the  use  of  too  high  a  temperature  in 
drying  the  powder  before  analysis.  Residue  C  gives  the  following 
molecular  ratios: 

26Ag,0,  24A1,()3,  lOOSiO,,  49II,(), 

agreeing  well  with  the  empirical  formula 

AgAlSiA.HjO. 

Two  thallium  derivatives  were  prepared  from  the  same  lot  of  anal- 
cite,  as  follows: 

E.  Natural  analcite  was  heated  in  a  sealed  tube  with  four  times  its 
weight  of  thallous  nitrate,  twenty-four  hours  at  250  -2U0 '  C. 

F.  Same  as  E,  except  that  the  heating  was  continued  for  forty- 
eight  hours.  The  composition  of  the  two  leached  residues  is  given 
Ih*Iow. 


E. 


S\i\ 34. 40 

AljOj 15.  73 

Tl/) 47.29 

Na,0 .60 

H,0- .62 

H^O      .76 

I  9<).  40 


F. 

32.  m 

13.62 

53.  01 

.12 

.20 

.40 

100.01 


«»ln  tlu'M'  niHl  all  other  deductions  nmde  in  this  work  the  theorelieul  molceule  ho-s  been  Ui<^umed, 
iu  ibis  auK,  NiiAlSi,O«Els0. 
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Both  of  the  preparations  were  perfectly  white.  The  microscopic 
examination  showed  thallium  analcite  to  be  mainly  isotropic,  with  a 
few  crystals  having  double  refraction,  as  was  the  case  with  the  silver 
derivative.  The  thallium  compound  is  easily  decomposed  by  nitric 
acid,  giving  sandy  silica. 

Deducting  from  analysis  F  analcite  equivalent  to  0.12  per  cent  of 
Na,0,  and  reducing  to  100,  the  analj'sis  becomes: 


Rc-sitlue  F. 


Theoretical 
TlAlSijOc 


8iO, 32.61   !  31. ;« 

AljOj I         13.60  13.32 

T\fi ;         53.79  55.:i5 


100.00 


100.00 


In  the  second  column  is  given  the  calculated  percentage  composi- 
tion of  normal  thallium  analcite. 
The  molecular  ratios  of  F  are 

24T1,0,  23A1,03,  lOOSiO,. 

A  closer  agreement  with  theory  could  hardly  be  expected. 

In  the  case  of  the  silver  comix)und,  the  one  molecule  of  water  of 
the  original  mineml  has  been  retained,  and  it  is  essentially  analcite 
with  silver  replacing  sodium.  It  is  not  so  with  the  thallium  deriva- 
tive, nor  with  the  anmionium  compound  of  the  former  investigation. 
In  })cth  of  these  derivjitives  the  water  of  the  original  mineral  was  lost, 
the  formula  being  that  of  leucite  with  thallium  or  ammonium  replac- 
ing potassium,  leucite  being  a  mineral  closely  related  to  analcite. 

One  crude  experiment  was  ma'^e  to  show  the  action  of  lead  nitrate 
on  this  mineral.  Natural  analcite  was  heated  in  a  .sealed  tul)e  with  a 
10  percent  solution  of  lead  nitrate  for  six  hours  at  about  200"  C.  The 
composition  of  the  washed  and  dried  residue  follows: 


SiO, . 

PbO. 
Na,0 
Hfi. 


60,  r 4 

17.55 

14.  75 

6.03 

undet. 

98.67 


Moleciilnr 
ratios. 


100.0 

17.1 

Cu  I 

9.7 
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Water  was  not  determined,  but,  as  will  be  seen  from  the  summa- 
tion, it  is  an  unimportant  constituent  of  the  compound.  Evidently 
the  anhydrous  salt  has  been  formed,  but  incompletely,  for  only  about 
half  the  sodium  had  been  replaced. 

The  molecular  ratios  are  as  follows: 

6PbO,  10Na,O,  17A1,0„  lOOSiO,, 
or,  combining  the  monoxide  bases, 

16RO,  17A1A.  lOOSiO,. 
In  this  a  large  excess  of  silica  appears. 

I4KUCITE. 

The  specimen  of  leucite  at  hand  was  impure,  and  more  careful  work 
was  therefore  deferred  until  some  future  time,  when  it  may  be  possible 
to  prepare  an  artificial  mineral  which  will  be  studied  in  detail. 

One  preparation  of  the  impure  leucite  was  made  by  heating  the 
native  mineral  in  a  sealed  tube  with  four  times  its  weight  of  thallous 
nitrate  for  twenty-four  houi^s  at  a  temperature  of  250^^-290^  C.  The 
leached  residue  was  dried  on  the  water  bath.  The  analysis  of  this 
residue  follows. 


sio, .. 
Al,(>3. 
Tl,(). 
K,()  . . 

H,0^ 


Residue. 

36.  00 

16.32 

42.77 

4.26 

.10 

.20 

99.65 


Molecular 
ratios. 


100.0 

26.7 

16.8 

7.5 


1.8 


Combining  potassium  with  thallium,  the  analysis  gives  the  fol- 
lowing: 

24(TIK),0,  27A1A,  lOOSiO,,  2H,0. 

This  indicates  that  the  same  molecule  has  been  formed  as  in  the 
case  of  analcite. 

THOMSONITE. 

The  thomsonite  used  was  well  crystallized  material  from  Table 
Mountain,  Colorado.  Only  one  derivative  of  this  mineral  was  made. 
The  thomsonite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
of  dry  silver  nitrate,  20  hours,  at  250^-2i^0^  C.  The  residue  was  dried 
at  about  40^  C.     Its  composition  is  given  on  the  page  following. 


Digitized  by  VjOOQ IC 


80 


CONTRIBUTIONS    TO    MINERALOGY. 


[BULL.  262. 


Natural     ,       Silver 
thoiDBonite.   thomsonite. 


SlOs 

AlA 

AgjOcombinetl. 

AjTjO  free 

CaO 

Na,0 

H,0- 

H,0-f- 


In  leach  water: 

CaO 

Na,0 


The  color  of  this  residue  was  dark,  showing  that  some  silver  oxide 
had  been  formed,  so  contaminating  the  salt.  A  determination  of  this 
free  silver  oxide  was  made  by  the  following  method,  and  it  appears  in 
the  anal^'sis  as  ''Ag,0  free." 

A  portion  of  the  silver  thomsonite  was  weighed  out  in  a  platinum 
boat  and  placed  in  a  glass  tube,  which  was  connected  with  a  weighed 
calcium  chloride  tube;  low  red  heat  was  then  applied  and  at  the  same 
time  a  current  of  dry  air  was  passed  over  it.  At  this  temperature 
silver  oxide  is  decomposed,  liberating  the  entire  amount  of  oxygen. 
The  loss  of  weight  in  the  boat  was  water  plus  oxygen,  the  gain  in  the 
tube  was  water  alone;  the  difference  represented  the  oxygen  of  the 
free  silver  oxide. 

The  new  compound  dissolves  easily  in  dilute  nitric  acid  to  a  clear 
solution,  which  forms  a  perfect  jell}'  on  evaporation.  Under  the 
microscope  the  material  proved  to  be  entirely  crystalline,  showing 
parallel  extinction. 

Deducting  free  silver  oxide,  and  aKso  the  water  lost  below  100  ,  and 
reducing  to  100  per  cent,  the  analj^sis  gives  the  results  tabulated 
below: 


silver  thom- 
sonite re- 
duced. 

34.99 

24.02 

24.32 

7.54 

0.74 

8.39 

Molecular 
ratios. 

SiO, 

100.0 

AlA 

40.3 

A  ff,  O 

18.0 

CaO 

23.2 

Na,0 

2.1 

11,0 

80.0 

100.00 

Die 
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The  reaction  here  is  incomplete,  but  the  thomsonite  ratios  have 
been  fairly  well  preserved. 

As  the  water  of  this  mineral  is  usually  considered  to  form  no  part 
of  the  chemical  molecule,  in  the  following  formula  it  has  been  repre- 
sented separately. 

For  this  and  the  two  minerals  to  follow,  the  formulae  proposed  by 
F.  W.  Clarke  have  been  adopted,  regarding  them  as  mixtures  of  salts 
of  orthosilicic  and  trisilicic  acids.  The  analysis  gives  the  subjoined 
ratios: 

18Ag,0,  23CaO,  2Na^0,  ^OAI^O,,  lOOSiO,,  80H,O. 

Combining  monoxide  bases,  we  have 

R"„Al..Si.„O„,.80H,O; 

which  gives  a  ratio  of  orthosilicic  to  trisilicic  acids  of 

73SiO,:  9Si,0g. 

Substituting  these,  we  have 

R"„Al,.(SiO.)„(Si,0,)..  80H,O; 

and  combining  the  two  acid  radicles  under  the  indiscriminate  symbol  X 
we  have 

R",,Al.oX„.80  H,0= 1-2-^2,  2H,0. 

The  analysis  of  thomsonite  reduced  in  the  same  way  gives  the  for- 
mula 

R"„Al„(SiO.),.(SiA)..  98H,0, 
or,  condensed, 

R"«Alg5X,,.98H,0=l-2-2,  2iH,0. 

CHABAZITE. 

The  chabazite  used  in  the  following  work  was  the  well  crystallized 
flesh-colored  material  from  Wassons  Bluff,  Nova  Scotia. 
Two  silver  derivatives  were  made,  as  follows: 

A.  Ammonium  chabazite  was  heated  in  an  open  tube  with  four  times 
its  weight  of  dry  silver  nitrate  for  six  hours  at  300^  C. 

B.  Natural  chabazite  was  heated  in  a  sealed  tube  with  four  times  its 
weight  of  dry  silver  nitrate  for  twenty-four  hours  at  250^-290^  C. 
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C.  Anal^'nis  of  the  original  chabazite: 


AlA- 

Ag,0. 
CaO.. 
Na,0. 
K^O.. 
H5O- 

NA  . 


11.02 


B. 

34.95 
11.89 


2H.\)b 


:^.63 
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C. 


.40 


In  the  leach  water: 

AlA 

CaO 

.    Na,0 


2.38 
4.40 
6.64 


50.78 

17.18 

.40 


7.84 

1.28 

.73 

5.22 

16.63 


100.29  1 

100.06 

none    . 

1 
7.75    . 

1.98  '. 

This  preparation  was  light  in  color,  showing  that  no  appreciable 
amount  of  free  silver  oxide  could  have  been  present.  It  was  decom- 
posed easily  by  nitric  acid,  giving  sandy  silica. 

The  microscopic  examination  showed  the  material  to  be  entirel}^ 
cr3  stalline  and  uniaxial. 

In  this,  and  as  will  be  shown  later  in  the  thallium  derivatives  also, 
important  amounts  of  N^Og  have  l)een  retained.  This  is  not  due  to 
incomplete  washing,  but  the  nitrate  is  tirmly  held  within  the  molecule. 
This  same  mineml  gave,  with  ammonium  chloride,  a  compound  con- 
taining-chlorine.  What  the  presence  of  these  small  amounts  of  the 
acid  radicles  may  mean  is  not  known,  but  in  the  following  reductions 
N.Os-will  be  considered  as  combined  directly  with  silver  or  thallium; 
the  proper  amount  will  be  subtracted  from  the  analysis. 

Deducting  water  below  100^  and  also  silver  nitrate,  analysis  B 
becomes: 


S  A  -  - 
AlA- 
Ag,0. 
Na,0  . 
H,0.. 


Residue  B. 

Molecular 
ratioM. 

45.  30 

100.0 

15.41 

,20.0 

33.  07 

19.0 

.52 

1.1 

5.70 

42.0 

100.00 
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This  gives  the  following  molecular  mtios: 

19Ag,0,  lNa,0,  20A1A^  lOOSiO,,  42II3O. 

Combining  sodimu  with  silver,  we  have 

R'^oAl^oSiiooO^o.-t^HA 

Hence  the  ratio  l>etween  orthosilicic  and  trinilicic  acids  becomes 

lOSiO^.SOSijOg; 

and  combining  them  under  the  symbol  X,  the  formula  is 

R",oAl,„X,,.42lI,0= 1-2-2,  2II,0. 

Reducing  the  same  way  the  anal^^sis  for  chabazite,  we  have 

R",oAI,oX,o.  10011,0= 1-2-2,  5iH,0. 

The  two  formuhe  are 

Native  chal)azite R^VVl4o(Si^>4)io(^'^»5<^>J».l^>yl',0. 

Silver  chabazite ....R^V^USiOJ,,(Si30,)5o.42H,(). 

Here  calcium  has  been  replaced  b\^  silver  with  a  loss  of  three  and 
one-half  molecules  of  water. 

The  thallium  derivatives  were  prepared  with  the  same  lot  of  chaba- 
zite.    Two  preparations  were  made,  as  follows: 

D.  C'hal>azite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
of  thallous  nitrate,  forty-eight  hours  at  250  -21M)^  C. 

E.  Treated  the  same  as  I),  but  heated  for  sixty-seven  hours. 


Sio,... 
AM),.. 
Tl,()... 
CaO... 
Na,().. 
11,0  . 
H,()- 
N,0,  .. 


In  the  lem-h  water: 

AM). 

CaO 

Na,() 


Kesidue  '    Kt'sidue      Molcfii-      Rt»sidut' 
found.    I  rcHluced.    lar  ratios,     found. 


28.92 
10.  75 
51.58 


.65  1 

.28  I 

1.30  [ 

2.85  I 

3.54  I 


3().  31 

13.50 

47.  39 

.81 

.:i5 

l.(>4 


99.87      100.00 


1.54 


100.0 

21.8 

18.4 

2.  3 

1.0 

14.7 


k»sidut' 
'ound. 

Ri'siduc 
reduce<1. 

2<).  44 

34.44 

11.11 

13.00 

52.11 

49.61 

.64 

.75 

.35 

.41 

1.53 

1.79 

2.60 

2.50 

100.  28 

None. 

1.58 


100.  (K) 
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Both  of  these  residues  were  perfectly  white  and  entirely  crystalline. 
Thallium  chabazite  is  easily  decomposed  with  nitric  acid,  yielding 
sandy  silica. 

Derivative  D  gives  the  following  mtios: 

I8TI3O,  2CaO,  INa^O,  22A1A,  lOOSiO,,  15U,0; 

or,  combining  monoxide  bases, 

R"nAl,,Si,ooO,«,.15H,0. 

The  mtio  of  the  two  acid  radicles  is 

16SiO,  i^HSi^O,; 

and,  inserting  these  in  the  formula,  we  have 

R",,Al,,(SiO,),,(Si.A),,.15H,0; 
or,  condensed, 

R"2iAl,,X,,.15lI,0  =  l-2-2+aq. 

A  rough  experiment  was  made  by  heating  silver  chabazite  in  a  sealed 
tube  with  a  10  per  cent  solution  of  lead  nitrate.  The  residue  after 
washing  and  drying  contained  5.51)  per  cent  Ag^O  and  20.24  per  cent 
PbO. 

STIL.BITE. 

The  specimen  of  stilbite  used  came  from  Wassons  Bluff,  Nova  Scotia. 
The  action  of  silver  nitrate  upon  this  mineral  was  not  investigated. 

One  thallium  derivative  was  made  by  heating  the  stilbite  in  a  sealed 
tube  with  four  times  its  weight  of  thallous  nitrate  sixty-five  hours  at 
230' -2S0^  C.  The  residue  was  perfectly  white,  entirel}'^  crystalline, 
and  biaxial,  and  it  gave  sandy  silica  with  nitric  acid.  The  analysis 
follows: 


AlA- 

T1,0  . 
CaO.. 
Na,() . 

11,04 


stilbite. 

55.41 

16.85 

.18 


7.78 

1.23 

3.60 

15.41 

100.46 


Residue. 

36.75 
11.74 


42.94 

.68 

.15 

5.48 

2.29 

100.  03 


Molecular 
ratios. 


100.0 
18.8 


16.5 

2.0 

.3 


20.8 
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Omitting  water  lost  below  100^,  we  have  the  following  ratios: 

16  T1,0,  2  CaO,  1  Na,0,  19  Al^O,,  100  SiO^,  20  H,0; 

and,  c6mbining  monoxide  bases, 

R'\,Al3,SijooO«,.,  20  H,0; 

which  gives  a  ratio  between  the  two  acid  radicles  of 

TSiO.iSlSijOg. 

Inserting  these  in  the  formula,  it  becomes 

R"„Al„(SiO,),(SiA)«-20  HA 

which  condenses  to 

R"..Al„X3,.20  H.O. 

Reducing  the  analysis  of  stilbite  in  the  same  way,  we  got 

R'\,Al,.(SiO,),(Si30,),,.93  H,0=l-2-2,  5  H,0. 

From  the  last  three  minerals  we  get  the  following  formulae: 

Native  thomsonite R''^4,Al85(Si04)7«(SiA)8-98H20=l-2-2,2JH20. 

Silver  thomsonite R'^„Al8o(Si04)73(Si308)9.80H,0=l  -2-2,211,0. 

Native  chabazite R''^^Al^(Si04),o(Si30j3o-109H,0=l -2-2M  H^O. 

Silver  chabazite W^A\^{ii>\0^)^oi^\fi^):^A2llfi=l-2-2,2U.p. 

Thallium  chabazite R''2iAl44(SiOJig(Si3()j2H.  1511,0  =  1-2    2,Aq. 

Native  stilbite .. R^^^Alj^f  8104)4(8130 J 33. 93H,0=1     2-2,5H./). 

Thallium  stilbite R^^gAl3,(8iO4)7(Si3O,)3j.20H2O= 1-2-2,  Aq. 

The  similarity  of  the  foregoing  formula?  Ls  plainly  evident.  Leav- 
ing water  out  of  considei-ation,  and  except  in  the  single  case  of  silver 
thomsonite,  the  ratios  agree  closel}^  with  the  ratios  of  1-2-2  for  the 
monoxide  base,  aluminum,  and  silicic  acid.  It  will  be  seen  that  with 
the  two  silver  derivatives,  compounds  retaining  two  molecules  of 
water  were  formed,  although  in  the  case  of  thomsonite  a  mineral 
hydrated  with  2i  molecules  of  water  was  taken,  while  the  chabazite 
contained  5^. 

NATROI.ITE. 

The  natrolite  which  was  studied  came  from  Bergen  Hill,  N.  J. 
Two  silver  derivatives  were  made,  as  follows: 

A.  Natrolite  was  heated  in  a  sealed  tube  with  a  10  per  cent  solution 
of  silver  nitrate,  eighteen  hours  at  120^  C. 

B.  Natrolite  was  heated  in  a  sealed  tube  with  four  times  its  weight 
of  dry  silver  nitrate,  twenty-two  hours  at  250^-290^  C. 
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SiO, 

A1,(X 

AgtO 

Ag,0 

CaO 

NojO 




I 

A. 
40.45  ' 

10.24  " 

)  coinbiiitHi 

)  free 

[       20. 4S 

.9.'] 

) 

7.84  [ 

1 

i 

B. 

B.  reduce*!. 

Moleoulur 
ratios. 

34.  70 

36.25 

100.0 

18.  54 

19.36 

:ii.4 

32.  30 

33.  73 

24.0 

3.91 

2.50 

2.61 

7.6 

.39 

.41 

1.0 

7.32 

7.64 
100.00 

70.2 

in).  66 

Both  prepamtions  were  very  dark,  showing  that  a  quantity  of  free 
silver  oxide  had  been  deposited.  The  compound  formed  is  easih^ 
decomposed  by  warm  dilute  nitric  acid,  giving  a  perfectly  cle4ir  solu- 
tion which  gelatinizes  upon  evaporation.  Under  the  microscope,  it 
showed  perfect  crystjtilization. 

Neglecting  free  silver  oxide,  residue  H  gives  the  following  formula: 

24AgA  8CaO,  INXO,  3lAlAi  l^H)Si02,  70lI,O, 
or,  combining  njonoxide  bases, 

K^«Al,,Si,,A.«.  70lI,O, 

which  corresponds  roughly  to  the  formula  R^Al^wSi^Ojo.  2H2O.  The 
ratios  are  not  so  good  as  could  be  desired,  but  are  close  enough  to  show 
that  this  compound  has  probably  been  formed. 

One  thallium  derivative  was  made  by  heating  natrolite  in  a  sealed 
tube  with  six  times  its  weight  of  thallous  nitrate  for  forty -eight  hours, 
at  25i)  -290^  C.     The  analysis  gave  the  following  results : 


AlA. 

Tl,().. 

CaO.. 

Na,0. 

11,0 

H.O-f 


Residue. 
26.  10 

Mbletnilar 
ratitw. 

100.0 

15. 59 

:?5. 1 

55. 64 

30.1 

......                .67 

2.  S 

.  34 

1.1 

.51 

.m 

8.5 

m.  51 
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This  compound  in  perfectly  white.  It  is  easily  dissolved  b}'  dilute 
nitric  acid,  giving  a  perfect  jelly  on  evaporation. 

The  optical  observations  were:  Double  refraction  low,  cleavage  ver- 
tical, extinction  parallel,  probably  biaxial.  It  was  entirely  crystalline. 
The  molecular  proportions  are  as  follows: 

30TI3O,  3CaO,  lNa,0,  35AIA,  lOOSiO^,  9H,0; 

or,  combining  monoxide  Imse.s, 

R'«,Al,oSi,oo03,..  9H,0, 

which  corresponds  closely  to  the  formula  RgAlgSijOio. 

8COL.KCITK. 

The  scolecite  used  came  from  Whale  Cove,  on  the  island  of  Grand 
Manan,  New  Brunswick. 

One  derivative  was  made  by  heating  the  scolecite  in  a  sealed  tul)e 
with  four  times  its  weight  of  silver  nitrate  six  hours  at  250' -280  C. 
The  residue  was  dried  at  about  35^  C. 


Sio, 

AIA 

Aj?,0  combinetl  . 

AgjO  free 

CaO 

Na,0 

H5O     

li/^\ 


Si'olecite. 

45.  86 
25.  78 


13. 92 
.41 
.40 

13.65 

100.02 


37.  28 

21.54 

20.21 

6.67 

5.40 

.44 

.46 

7.92 


99.92 


Molecular 
ratios. 


100.0 
34.0 
14.0 


15.5 
1.1 


70.8 


This  residue  was  dark  brown,  owing  to  the  silver  oxide  it  contained. 
On  heating  over  the  low  flame  of  the  Bunsen  burner  in  order  to  reduce 
the  silver  oxide  to  metallic  silver  it  turned  perfectly  white. 

On  attempting  to  mount  this  preparation  for  microscopic  examina- 
tion the  Imlsam  became  very  dark,  which  prevented  an^^  optical  obser- 
vations from  being  made. 

The  molecular  ratios  for  this  derivative  are: 

14Ag,0,  lOCaO,  lNa,0,  34A1A,  1008iO„  7lH,0, 
or,  uniting  monoxide  bases, 

R'.,Al„Si,oo0333,  71II,0. 
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These  proportions  agree  fairly  well  with  the  formula 

R',Al,Si,0,o,  +aq. 

The  reaction  in  this  case  was  incomplete,  only  a  little  over  one-half 
the  calcium  and  none  of  the  sodium  being  replaced,  but  the  experiment 
shows  that  the  desired  molecule  was  partially  formed. 

MESOIilTE. 

The  mesolite  studied  was  a  fine  specimen  of  crystalline  material 
from  OsterO,  in  the  Faroe  Islands. 

One  thallium  derivative  was  prepared  by  heating  the  mesolite  in  a 
sealed  tube  with  four  times  its  weight  of  dry  thallous  nitrate  for 
eighty  hours  at  240^-280^  C. 

Its  analysis  and  that  of  the  mesolite  follow: 


SiO,... 

A1A-- 
T1,0  .. 
CaO... 
Na,0.. 


Mesolite. 

45.97 
25.98 


In  the  leach  water: 

AlA 

CaO 

Na,0 


9.69 

4.79 

1.34 

12.04 


99.81 


Residue. 

Molecular 
ratioH. 

29.  If 

100.0 

16.94 

34.2 

44.75 

21.7 

2.90 

10.8 

.26 

.8 

3.32 

3.06 

35.0 

100.34 

None. 

5.50 

4.42 

The  leached  residue  was  perfectly  white  and  entirely  crystalline, 
with  parallel  extinction.  It  gave  a  perfectly  clear  solution  with  acid, 
which  gelatinized  on  slight  evaporation. 

The  molecular  ratios  are  as  follows: 

22Tl,0,llCaO,lNa,0,34AlA4WSiO„35H,0. 
Ck)mbining  monoxide  bases,  we  have 

R'„Al„Si,oo03„.35H,0, 
agreeing  almost  perfectly  with  the  formula 

R',Al,Si30,o.H,0. 
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The.se  three  minerals  and  their  derivatives  give  the  following  cora- 
parison,  when  all  the  monad  and  dyad  bases  are  united  under  R": 

Native  natrolite R^^seAU  SiiooOas^.  72  HjO 

Silver  natrolite R^'ssAl*,  SiiooO„e.  70  H,0 


,  SiiooOsj 


9H,o 

99  II^O 


Thallium  natrolite ^^^u^h 

Native  scolecite W 

Silver  scolecite R^'siAlsg  SiiooOw,.  71  H,0 

Native  mesolite R^'ssAIm  SiiooOss,.  87  H,0 

35H,0 


Since,  as  others  have  shown,  the  water  in  these  three  minerals  plays 
no  part  in  the  chemical  molecule,  it  has  been  placed  as  a  separate  con- 
stituent in  the  formulae. 

The  ratios  found  are  not  so  sharp  as  could  be  desired,  nor  have  the 
reactions  been  complete,  but  they  indicate  that  the  three  minerals  are 
all  derived  from  the  trisilicic  acid  HgSijOio. 

Deducting  from  each  of  the  above  formulae  the  water  contained  in 
the  undecomposed  mineral,  which  latter  is  represented  by  the  amount 
of  alkali  retained  by  the  derivative,  we  have  the  water  contents: 

Silver  natrolite 70  H,0  less  18  H^O  equals  52  H,0 

Thallium  natrolite  9  H^O  less    8  11,0  equals    111,0 

Silver  scolecite 71  H/)  less  50  H^O  equals  21  11,0 

Thallium  mesolite 35  H,0  less  29  Hj,0  equals    6  H,0 

We  have  here,  as  was  the  case  with  the  thomsonite,  chabazite,  and 
stilbite  derivatives,  silver  compounds  strongly  hydrated,  while  the 
thallium  salts  are  practically  anhydrous. 

PECTOIilTE. 

The  pectolite  came  from  Bergen  Hill,  N.  J.  It  contained  a  small 
amount  of  calcium  carbonate  as  an  impurity. 

A  single  silver  derivative  was  made  by  heating  the  pectolite  in  a 
sealed  tube  with  four  times  its  weight  of  dry  silver  nitrate,  for  twent}^- 
two  hours  at  240^-280^  C.  The  residue  was  dried  on  the  water  bath. 
On  analysis  the  following  results,  stated  below,  were  obtained. 


SiO,... 
A1,0,.. 
AfoO.. 
CaO... 
MnO.. 
Na,0.. 
H,0-. 
H,0+. 
(X),... 


Pectolite. 

t 

Residue. 

39.05 

.38 

32.57 

18.13 

Molecular 
ratios. 

53.34 

100.0 

.33 

21.5 

33.23 

49.8 

'            .45 

1          9.11 

5.99 

14.9 

...|            .27 

2.70 

4.12 

35.2 

1            .67 

100.24 

1       100. 10 
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The  derivative  was  dark,  but  on  heating  over  the  bunsen  burner 
the  color  disappeared,  and  on  treating  the  ignited  residue  with  nitric 
acid  red  fumes  were  given  otF,  showing  that  a  quantity  of  free  silv^er 
oxide  was  present.  This  was  not  determined,  but  is  contained  in  the 
figures  given  for  AgjO.  The  silver  oxide  reported  is  therefore  sev- 
eral per  cent  too  high. 

The  compound  is  easily  decomf)osed  by  warm  dilute  nitric  acid, 
with  the  separation  of  sandy  silica.  A  complex  breaking  up  of  the 
molecule  has  taken  place  and  no  simple  ratios  appear. 

Eli^OIilTB. 

Eleeolite  from  Litchfield,  Me.,  was  heated  in  the  usual  way  with 
thallous  nitrate.  An  incomplete  analysis  of  the  leached  residue  gave 
the  following  results: 

Insoluble  in  nitric  acid 46. 34 

AlA 27.90 

T1,0 8.50 

Na^O+KjO 15.40 

Water,  etc undet. 

In  the  leach  water  was  found  2.13  per  cent  of  sodium  and  potassium 
oxides.  The  analysis  shows  that  elceolite  is  but  slightly  attacked  by 
treatment  with  thallous  nitrate. 

^GIRITE. 

iEgirite  from  Magnet  Cove,  Arkansas,  was  heated  in  a  sealed  tube 
with  dry  silver  nitrate.  The  following  results  were  obtained  on  an- 
alysis of  the  leached  residue: 

Insoluble  in  nitric  acid 91. 22 

AljO,+  Fe,03 1.18 

CaO - small 

Ag,0 ■ 4.12 

Na,0 53 

Water,  eU- undet. 

This  mineral  has  evidently  been  but  little  altered  by  the  action  of 
silver  nitrate. 
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DUMORTIERITE. 


By  Waldemar  T.  Schaixer. 


INTRODUCTION. 

Dumortierite  wa8  discovered  by  Gonnard^  in  November,  1879,  at 
Chaponost,  near  Lyons,  France,  and  was  made  the  sul)ject  of  a  brief 
note  by  E.  Bertrand  in  1880.  The  following  year,  Gonnard  named  the 
mineral  after  Eugene  Dumortier,  the  eminent  French  paleontologist. 

The  mineral  was  known  to  be  new  from  its  optical  properties 
before  its  chemical  composition  was  determined,  its  beautiful  pleoch- 
roism  being  especially  marked.  Damour  soon  after  made  an  analysis 
of  the  mineral,  from  which  he  obtained  the  formula  4  AljOs,  3  SiO,. 

Specimens  of  this  mineral  from  New  York,  previously  taken  for 
indicolite,  were  studied  by  Diller  and  Riggs  and  shown  to  be  differ- 
ent from  tourmaline.  At  about  the  same  time  dumoiiierite  from  Ari- 
zona lK»came  known,  and  analyses  of  the  mineral  from  both  localities 
were  made.  These  analyses  all  showed  the  presence  of  l)oric  acid  in 
varying  amounts,  and  also  a  small  quantity  of  water.  An  occurrence 
of  dumortierite  in  Norway  was  afterward  noted,  and  still  later  several 
localities  in  Germany  were  mentioned. 

In  1902,  Ford  published  three  analyses  of  dumortierite,  one  on 
material  from  New  York,  a  second  on  material  from  Arizona,  and  a 
third  on  material  from  a  new  locality  in  San  Diego  County,  Cal.  In 
the  same  paper  he  mentions  a  second  new  locality,  the  fourth  one  in 
this  (*ountry,  in  Skamania  County,  Wash.  He  showed  by  his  analyses 
that  dumortierite  contains  boric  acid  and  water  in  nearly  constant 
amount. 

A  careful  search  for  cr3\stals  was  made  in  a  large  quantit}'  of  the 
California  mineral,  which  resulted  in  the  finding  of  two  small,  imi)er- 
fect  but  measurable  examples.  On  looking  over  the  Arizona  material 
in  the  National  Museum  a  third  crystal  was  found.  Three  crystals 
were  also  obtained  among  specimens  from  New  York.  These  wei*e 
carefully  measured  and  some  crystallographic  data  were  thus  obtained. 

The  mineral  is  usually  sparingly  present  in  small  fibrous  masses 
scattered  through  the  rock,  making  it  difficult  to  obtain  any  consider- 

a  Fur  references  nee  Literature,  pp.  119-120,  this  bulletin. 
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able  quantity  of  it  in  a  pure  condition.  At  the  California  Icx^ality  the 
inineml  occurs  in  large,  pure  masses,  very  favomble  for  chemical 
investigation.  From  an  analysis  made  by  the  writer  on  the  California 
material,  a  formula  was  deduced  in  which  the  boric  acid  and  water 
have  a  certain  fixed  value.  The  other  analyses  are  discussed,  and  it 
is  shown  that  they  all  agree  fairly  well  with  the  new  formula  proposed 
by  the  writer.  An  analysis  of  the  Washington  dumortierite  is  also 
given.  Ford  tested  the  French  material  qualitatively  for  boric  acid 
and  obtained  a  strong  positive  reaction. 

While  a  more  or  less  complete  stud}'  of  the  mineral  has  been  made, 
it  is  fully  realized  that  in  no  sense  can  the  work  be  called  complete. 
The  material  for  crystallographic  study  was  poor,  and  it  is  very  much 
ho{>ed  that  better  crystals  will  at  some  future  time  be  found.  The 
determinations  of  optical  constants  are  very  meager,  for  the  usual 
condition  of  occurrence  of  the  mineral  is  not  favorable  to  such  study. 
Only  a  few  analyses  are  available  for  any  discussion  of  the  composition 
of  the  mineral,  and  though  dumortieritt*  does  not  contain  a  large  num- 
ber of  constituents,  man}"  more  analyses — but  only  extremely  accurate 
and  reliable  ones — will  l)e  gladly  welcomed. 

It  was  found  that  the  California  material  differed  somewhat  in  its 
properties  from  normal  dumortierite.  The  color  is  lavender  instead 
of  blue,  the  pleochroism  is  colorless  to  red  purple  instead  of  blue,  and 
the  mineral  contains  1^  per  cent  titanium  oxide.  It  is  of  esj)ecial  inter- 
est to  correlate  these  differences,  as  it  adds  another  good  example  to 
that  class  of  silicates  which  contain  a  small  amount  of  titanium  and 
(seemingly  thereby)  acciuire  a  purple  pleochroism. 

OCCUllRENCES. 

FOREIGN. 

FRANCE. 

Dumortierite^  is  found  at  several  places  in  the  vicinity  of  Lyons 
(Rhone),  where  it  occurs  in  a  pegmatite  gneiss.  At  Beaunan,  on  the 
road  fromOullins  toChaponost,  it  is  found  in  a  small  quarry  in  gneiss 
in  slender  blue  fibers  in  the  midst  of  veinlets  or  lenses  of  feldspar  and 
pegmatite.  At  Brignais  it  occurs  in  very  small  fibers  disseminated 
throughout  a  white  pegmatite,  associated  with  large  black  tourmalines, 
garnets,  muscovite,  and  cordierite,  the  latter  bt^ng  largely  altered  to 
mica.  In  some  aises  bluish  tourmaline  and  dumortierite  have  the  ver- 
tical axis  in  common.  Pseudomorphs  of  mica  after  dumortierite  are 
frequent. 

The  mineral  has  a  good  cleavage  parallel  to  a  {lOO}  and  an  imi)er- 
fect  prismatic  one.  There  are  also  ''planes  of  separation"*  parallel  to 
the  Imse.     Twins,  analogous  to  those  of  aragonite,  are  f  re([uent.     The 

«  Lacroix,  A..  Minc^ralogie  de  la  Frauiv,  vol.  1,  1893-18^5,  pp.  15-19. 
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color  is  ])lue,  Hometimes  nearly  black.     Inclusion's  are  not  prominent, 
though  bubbles  and  rutile  have  been  noticed. 

The  axial  plane  is  parallel  to  J{010}.  Bxa  (negative)  perpendicular 
to  c  {iH)l}.  In  the  twins  the  axial  planes  of  the  two  parts  make  an 
angle  of  al)out  60^.  ^  is  about  1.B5,  and  the  birefringence  is  about  .010. 
The  axial  angle  (2  Vxa)  is  near  85^  to  40*^.  The  dispersion  is  ener- 
getic p<t\  Pleochroisni  is  very  strong;  ft  =  c,  colorless  or  very  pale 
blue;  a,  cobalt  blue  or  violet.  Some  of  the  specimens  from  Brignais 
are  of  a  rose-salmon  color,  a  little  redder  than  andalusite.  The  maxi- 
mum absorption  is  (contrary  to  that  of  tourmaline)  in  the  direction  of 
elongation  (parallel  to  c).  The  presence  of  idiophanous  figures  is  also 
noted.  According  to  Damour,  the  blue  color  of  the  mineral  ma}'  per- 
haps be  due  to  traces  of  Ti^Og,  the  presence  of  which  in  the  French 
mineral  has,  howev  er,  not  been  demonstrated.  It  is  noticed  that  the 
small  fibers  of  dumortierite  are  often  inclosed  in  a  white  mica,  which 
is  gradually  replacing  the  original  mineral. 

GERMANY   AND  AUSTRIA. 

The  mineral  is  found  near  Schmiedeberg,  Silesia,^  in  the  pegmatite 
of  the  lower  Val  Donbastone,  in  long  fibers  of  a  green  or  greenish- 
blue  color.  These  fibers  have  a  thickness  of  1  mm.  and  reach  a  maxi- 
mum length  of  50  mm.  They  are  often  bent,  and  inclose  pieces  of 
(juartz.  On  one  fiber  a  prism  angle  of  61)^  G'  was  measured.  Piis- 
matic  cleavage,  imperfect,  was  noted.  The  pleochroism  is  very  strong: 
C  =  b,  colorless;  a,  pistachio-green.  Cross  sections  show  the  emer- 
gence of  an  acute  bisectrix  (negative),  the  axial  angle  being  somewhat 
smaller  than  that  of  nmscovite.  With  a  crystal  refractometer  the 
following  values  for  the  indices  of  refraction  were  obtained: 

a=1.678 

r= 1.689 
y-a=   .011 

An  analysis  of  impure  material  was  also  made. 

In  a  clayey  residue,  the  mineral  has  been  found  at  Imligan,  near 
Chodan,  and  Schobrowitz,  near  Carlsbad,  in  Bohemia,  and  in  clayey 
sandstone  at  Oberbris,  near  Pilsen,  in  Bohemia.  J'hese  residues  are 
probably  formed  from  decomposing  pegmatite,  from  which  the  dumor- 
tierite originally  came.  The  mineral  shows  a  strong  pleochroism; 
a,  deep  carmine  to  smalt  blue  and,  in  places  where  partl}^  decom- 
posed, dark  olive  to  red  brown;  b,  light  gi*ay  olive  to  colorless.  The 
(negative)  acute  bisectrix  is  parallel  to  the  elongation.  The  obtuse 
bisectrix   is  perpendicular  to   the   cleavage   plates  (r/={l0()}).     The 


'•See  Literature,  pp.  119-120. 
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associated  minerals  are  tourmaline,  quartz,  feldspar,  muscovite,  bio- 
tite,  chrysoberyl,  apatite,  garnet,  and  chlorite. 

NORWAY. 

The  mineml  is  found  at  Tvedestrand  in  minute  til)ers  in  cordierite 
gneiss.     The  pleochroism  is  as  follows: 

C  =  b,  pale  yellow,  almost  colorless, 
a,  intense  cobalt  blue. 

Cross  sections  show  a  prismatic  angle  of  about  60°.  The  birefrin- 
gence (.010)  is  feeble.  Pleochroic  halos  (in  yellow)  are  very  character- 
istic. The  axial  angle  (2V)  is  about  35"",  and  the  dispersion  strong 
p  '>v.     The  associated  minerals  are  cordierite  and  sillimanite. 

Romberg  has  described  a  mineral  from  Argentina  (2.51  per  cent 
BjO,)  which  seems  to  resemble  the  California  dumortierite.  The  color 
is  lilac  and  the  pleochroism  similar  to  that  from  California. 

UNITED  STATES. 
NEW   YORK. 

The  mineml  occurs  in  that  part  of  New  York  City  known  as  Har- 
lem. It  has  been  sparingly  found  as  acicular  crystals  "  aggregated  in 
fasces  or  tufts  resembling  clippings  of  hair''  in  a  lode  of  red  granite 
extending  southeastward  from  Fourth  avenue  and  One  hundred  and 
twenty-third  street  to  Madison  avenue  at  One  hundred  and  sixteenth 
street.  At  One  hundred  and  seventy -first  street  and  Fort  Washington 
avenue  it  was  found  in  several  pockets  in  a  vein  of  coarse  pegmatite 
in  mica-schist  The  vein  is  about  3  feet  wide  and  the  pockets  extended 
for  aljout  80  feet.  The  body  of  the  vein  is  granular  gray  quaitz,  ortho- 
clase,  and  flaky  muscovite.  The  dumortierite  occurs  chiefly  in  the 
orthoclase,  though  it  has  also  been  found  as  long,  filiform  inclusions 
in  the  muscovite,  singly  and  imliating  from  centei*s.  It  has  also  been 
noticed  at  Kips  Bay,  near  the  upper  end  of  Riverside  Park,  in  white 
oligoclase,  and  at  Tenth  avenue  and  One  hundred  and  thirtieth  street. 

The  associated  minerals  are  orthoclase,  quartz,  muscovite,  xenotime, 
monazite,  tourmaline,  zircon,  torbernite  ( 0?  antunite  (f),  apatite,  gar- 
net, and  andalusite. 

A  brief  study  qf  sevemi  slides  of  the  New  York  City  dumortierite^ 
showed  that  the  mineral  occurs  almost  entirely  in  the  orthoclase. 
Very  rarely  is  it  in  the  quartz  or  muscovite.  It  is  usually  in  fibrous 
forms,  with  ragged  outlines,  and  in  one  particular  section  an  ortho- 
clase crystal  was  filled  with  minute  threads  of  dumortierite,  arranged 
more  or  less  parallel.     In  these  slides  andalusite  also  was  noticed. 

Mr.  Frederick  Bi-aun,  of  Brooklyn,  N.  Y.,  very  kindh^  lent  the 
writer  his  private  collection  of  New  York  dumortierite^,  which  prob- 
abh^  contains  the  finest   dumortierite  specimens  ever  found  in  that 
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locality.  About  25  specimens  are  shown,  the  best  one  containing  a 
prismatic  group  of  fine  blue  dumortierite  fibers  5  cm.  long  and  from 
one-half  to  1  cm.  thick.  The  rock  is  a  pegmatitic  gneiss,  and  consists 
chiefly  of  quartz  and  feldspar,  with  smaller  quantities  of  biotite,  mus- 
covite,  black  tourmaline,  dumortierite,  and  garnets.  The  dumortierite 
occurs  in  long  prisms,  often  bent,  and  again  broken,  the  space  between 
being  filled  with  the  gneiss  rock.  The  basal  cross  fracture  is  common 
and  the  color  is  often  changed  to  a  dull  gray.  At  times  the  fibers  are 
seemingly  intergrown  with  the  tourmaline  in  parallel  position.  The 
threx3  crystals  described  later  were  obtained  from  these  specimens. 

As  additional  localities,  Mr.  Braun  gives:  One  hundred  and  first 
street  and  Lexington  avenue.  New  York;  One  hundred  and  eighteenth. 
One  hundred  and  twentieth.  One  hundred  and  twenty -second  streets 
and  Madison  avenue;  One  hundred  and  thirty -eighth.  One  hundred 
and  thirty-ninth.  One  hundred  and  fortieth,  One  hundred  and  forty- 
ninth  streets  and  Mott  avenue;  One  hundred  and  thirty-third.  One 
hundred  and  thirty-fifth,  One  hundred  and  forty-ninth  streets  and 
Hudson  River  Railroad;  One  hundred  and  forty-ninth  street  and  Sheer- 
ier  place;  One  hundred  and  seventy -first  street  and  Boulevard. 

The  mineml  possesses  a  strong  pleochroism,  ranging  from  colorless 
to  deep  blue,  this  color  being  always  in  the  direction  of  elongation. 
The  extinction  is  parallel  and  the  mineral  orthorhombic.  Cleavage 
parallel  to  the  macropinacoid  is  perfect,  these  cleavage  plates  showing 
the  emergence  of  an  obtuse  bisectrix.  An  imperfect  cleavage  parallel 
to  the  Imse  is  also  noticed,  and  basal  sections  show  an  imperfect  pris- 
matic cleavage.  Such  sections  show  the  emergence  of  an  acute  bisec- 
trix. The  mineral  is  negative.  The  axial  plane  is  parallel  to  the 
brachypinacoid  and  the  orientation  is  a=C,  b=b,  c=a.  The  ple- 
ochroism is  JC=b,  colorless;  a,  deep  blue.  Absorption,  a>b=C. 
Some  sections  show  polysynthetic  twinning  lamellae,  but  their  relation 
could  not  be  made  out. 

ARIZONA. 

At  Clip,  Ariz.,  dumortierite  occurs  in  a  quartz  rock  which  has  not 
been  found  in  place  (Doctor  Hillebrand),  but  only  as  loose  bowlders. 
Dumortierite  and  quartz  form  the  principal  mineml  constituents,  kya- 
nite,  magnetite,  and  rauscovite  being  present  in  subordinate  amounts. 
The  rock  is  fine  grained  and  has  a  blue  color  due  to  the  dumortierite. 

Under  the  microscope,  a  section  of  the  rock  showed  numerous 
small  lath-shaped  prisms  of  dumortierite  placed  in  every  direction  in 
a  mass  of  allotriomorphic  quartz,  with  several  large  blades  of  musco- 
vite  and  abundant  magnetite,  and  a  little  apatite  and  rutile.  Feldspar 
seems  to  be  entirely  absent. 

The  dumortierite  has  the  usual  colorless  to  blue  pleochroism  and 
presents  normal  properties.  In  the  slide  studied  it  is  very  fresh  and 
shows  no  signs  of  alteration,  the  muscovite  present  being  primary. 
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The  quartz  grains  are  (relatively)  fairly  large  and  are  not  crushed 
like  those  of  the  California  rock.  The  rock  seems  to  have  undergone 
no  dynamic  change  after  its  formation. 

The  pale-green  kyanite  has  been  analyzed  l)y  Or.  W.  F.  Hillebrand 
with  the  results  given  below: 

SiO, 36.30 

AlAC^TiO,) 62.51 

FejO, 70 

FeO iintlet. 

CuO tr. 

Ign 40 

in).  91 

Specific  gravity 3.656  at  18.5 

CALIFORNIA. 

This  occurrence  was  first  mentioned  by  Ford,  and  an  analysis  of  the 
dumortierite  was  given  by  him.  The  writer  made  a  brief  visit  to  the 
locality  in  the  summer  of  1903  and  collected  a  large  quantity  of  mate- 
rial, which  permitted  a  rather  complete  study  of  the  mineral.  The 
writer's  thanks  are  due  to  Mr.  John  A.  Thoman,  of  San  Diego,  the 
owner  of  the  property,  for  permission  to  visit  the  interesting  locality 
and  for  the  privilege  of  collecting  specimens. 

The  mineral  occurs  in  a  dike  a  few  miles  east  of  Dehesa,  San  Diego 
County,  and  is  not  far  from  the  orbicular gabbro  described  by  Professor 
Lawson.^  Tiie  general  country  rock  of  the  region  is  granite,  in  which 
occur  large  masses  of  gabbro,  of  which  the  orbicular  rock  is  a  peculiar 
phase.  Both  the  gabbro  and  the  granite,  contain  many  dikes,  and  it  is 
in  one  of  these  dikes,  in  decomp)osed  biotite-granite,  that  the  dumor- 
tierite occurs.  This  dike  has  a  length  of  about  1,000  feet  and  a  thick- 
ness of  about  30  or  40  feet,  strikes  S.  70^  E.,  and  has  a  dip  of  about 
70O  N.  20^  E. 

The  rock  consists  chiefly  of  quartz  and  either  sillimanite  or  dumor- 
tierite. Feldspar  is  entirely  absent  from  the  dike.  The  dike  may  be 
divided  into  an  upper  and  lower  part,  according  to  the  characterof  the 
rock.  The  upper  part  is  fine  grained  and  consists  of  quartz  and  silli- 
manite; the  lower  part  is  coarse  grained  and  consists  of  quartz  and 
dumortierite. 

The  upper  part,  forming  about  one-half  the  dike,  is  a  fine-grained 
white  saccharoidal  rock,  sometimes  of  a  grayish  color,  and  never  con- 
tains any  dumortierite.  It  possesses  a  more  or  less  schistose  structure 
and  cleaves  off  into  blocks  parallel  to  the  dip.  A  little  muscovite  is 
sometimes  present,  small  crystals  of  titanium  oxide  are  abundant,  and 
occasionally  a  little  pyrite  is  seen. 

a  Bull.  Dept.  Geol.  Uuiv.  Cal.,  vol.  3, 1904.  pp.  883-396. 
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Microscopically  the  rock  is  composed  of  allotriomorphic  quartz, 
silHmanite  prisms  arranged  in  parallel  bands  (schistose  structure),  a 
little  muscovite,  probably  secondary,  and  accessory  titanite,  titanium 
oxide,  rutile  (?),  pyrite,  apatite,  zircon,  and  corundum. 

The  sillimanite  occurs  both  as  short  and  long  prisms.  The  former 
are  usually  grouped  together  in  parallel  bands  which  may  i-un  across 
the  entire  slide  or  may  pinch  out  at  both  ends,  forming  a  very  flat 
lens.  The  prisms  are  short  and  stout,  usually  more  or  less  ragged  in 
outline,  with  many  transverse  fractures.  The  several  parts  of  a  single 
prism  thus  broken  are  at  times  considerably  displaced.  Again,  an 
entire  row  of  prisms  may  be  broken  and  displaced.  The  displacement 
is  always  in  the  direction  of  elongation  of  the  prism.  The  ends  are 
usually  more  or  less  rounded,  and  macropinacoidal  cleavage  is  some- 
times well  developed.  Some  nearly  square  cross  sections  show  diag- 
onal cleavage.  Titanium  oxide  and  zircon  are  at  times  inclosed  in  the 
prisms.  These  prisms  occasionally  show  slight  alterations  and  at  times 
seem  to  have  been  entirely  removed,  forming  either  an  opaque  mass 
or  leaving  just  the  outlines  of  former  prisms  behind. 

The  long,  slender  prisms  are  placed  at  all  angles  and  are  not  grouped 
in  bands  as  the  others  are.  The  edges  are  sharp  and  the  ends  are 
often  terminated  by  two  faces,  forming  a  spear.  These  prisms  are 
usually  smaller  than  the  others  and  decrease  in  thickness  until  they 
are  so  narrow  as  to  become  entirely  opaque.  These  straight  hair- 
like inclusions  were  at  first  taken  for  rutile  or  magnetite,  but  it  is 
thought  they  are  merely  sillimanite  prisms  of  extreme  thinness. 

Optically  the  two  forms  are  identical,  and  are  to  be  classified  as 
sillimanite.  The  relief  is  distinct  and  birefringence  is  rather  strong. 
The  direction  of  elongation  is  always  an  axis  of  minimum  elasticity. 
The  crystals  are  nonpleochroic  and  always  extinguish  pamllel.  Pleo- 
chroic  halos  wei*e  not  observed. 

The  quartz  is  allotriomorphic  and  is  usually  much  cracked.  In  gen- 
eral the  principal  cracks  are  parallel  to  the  bands  of  sillimanite,  while 
cracks  perpendicular  to  these  bands  are  also  numerous.  Many  trans- 
verse irregular  cracks  also  occur.  Some  of  the  quai*tz  grains  seem  to 
have  been  slightl}^  displaced,  and  the  cmcks  thus  formed  been  filled 
with  secondary  quartz.  Sometimes  the  bands  of  sillimanite  have 
caused  '**augen"  to  form.  In  places  the  quartz  shows  large  liquid 
inclusions,  and  strings  of  small  inclusions,  though  not  common,  some- 
times occur.  Besides  the  inclusions  mentioned  and  the  accessory 
minerals,  the  quartz  contains  in  places  a  large  amount  of  very  fine 
opaque  dust,  possibly  magnetite.  Such  sections  of  the  quartz  as 
remain  dark  under  crossed  nicols  show  a  uniaxial  cross  with  a  positive 
sign  in  convergent  light. 

Of  the  accessory  materials,  titanium  oxide,  probably  rutile,  occurs 
in  the  greatest  abundance.  A  few  gmins  are  probably  titanite,  but 
Bull.  262—05 7 
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the  majorit}'  of  the  small  sharply  defined  crystals  are  probably  rutile. 
They  are  at  times  slightly  dichroic  (yellow  to  brown),  and  occur  in 
equidiametral  crystals.  Some  of  the  crystals  in  the  bands  of  silliman- 
ite  have  been  crushed  and  lengthened  out.  In  one  case  a  crystal  of 
corundum  was  inclosed  in  rutile.  Zircon  is  also  widel}^  distributed  in 
irregular  grains,  usually  of  minute  size.  Occaijionally  a  large  piece 
has  roughly  the  usual  crystal  outline,  but  seems  to  have  been  more  or 
less  corroded.  One  large  crystal  inclosed  seveml  small  rutiles.  The 
order  of  crystallization  of  the  minerals  seems  to  have  been  as  follows: 
Corundum,  rutile  (and  titanite),  zircon,  sillimanite,  and  quartz.  It  may 
be  that  there  are  two  generations  of  sillimanite.  Those  long,  slender 
sharp  crystals  in  the  quartz  may  have  formed  after  the  crystals  in  the 
bands. 

An  analysis  of  the  rock  was  made  by  the  writer,  giving  the  results 
tabulated  below: 

SiO, 75.54 

AljOs 18.65 

Fe^O, 35 

FeO 06 

MgO none 

CaO a3 

Alk none 

H,0- 1.10 

H,0  h 3.67 

TiO, 48 

ZK\ 06 

PA trace 

FeS, 10 

100.04 

The  large  amount  of  water  present  is  difficult  to  explain.  The 
inclusions  in  the  quartz  account  for  some,  and  assuming  the  presence 
of  some  water  due  to  incipient  alteration  in  the  sillimanite,  there  is 
still  a  large  amount  unaccounted  for. 

From  tlie  analysis,  neglecting  the  water  and  accessory  minerals,  the 
composition  of  the  rock  is  calculated  as  consisting  of 

Quartz 69 

Sillimanite 31 

Deducting  the  water  and  other  accessory  minerals  of  the  rock  we 
obtain  the  following  comparison: 


I 

.\nalysis 
1  recalculated. 

SiO- 

80.3 

ALO, 

'               19.7 

Calculaleil  for 

above 
composition. 


80.5 
19.5 
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As  we  approach  the  middle  of  the  dike  the  rock  loses  its  schistose 
structure,  becomes  coarser,  and  we  find  occasional  masses  of  dumor- 
tierite,  which  are  more  and  more  abundant,  until  finally  we  come  to 
what  is  called  the  lower  part  of  the  dike,  consisting  of  abundant  diimor- 
tierite  and  quartz.  Very  rarely  a  small  black  tourmaline  or  garnet  is 
seen.  Muscovite  is  more  or  less  abundant  throughout  the  entire 
lower  part,  and  in  places  forms  an  essential  part  of  the  rock. 

The  lower  part  of  the  dike  differs  in  many  ways  from  the  upper. 
No  schistose  structure  is  apparent;  the  rock  is  very  coarse  and  has  a 
mottled  appearance,  due  to  the  dark  bunches  of  dumortierite  on  the 
white  quartz  background. 

Some  masses  of  dumortierite  are  very  large,  examples  5  by  3  by  3 
cm.  being  not  uncommon.  They  usually  have  a  radiated  columnar 
sti-ucture  and  break  off  nearly  parallel  to  the  base  in  fairly  plane  sur- 
faces, which  on  large  pieces  become  somewhat  bowl  shaped.  As  the 
various  fibers  are  not  strictly  parallel  but  radiating,  the  breakage  can 
only  be  approximately  at  right  angles  to  the  general  elongation  of  the 
fibers.  These  masses  of  dumortierite  weather  from  the  rock  and 
stand  out  very  prominently.  They  usually  have  numerous  cleavage 
cracks  parallel  to  the  base.  The  color  of  the  mineral  is  lavender, 
resembling  to  some  extent  compact  rubellite.  Connected  with  this 
unusual  color  is  the  unusual  pleochroism  that  the  mineral  possesses, 
l)eing  from  colorless  to  red  purple  instead  of  blue. 

The  quartz  is  coarse  grained  and  has  a  slight  greasy  appearance.  It 
sometimes  occurs  in  large  masses  free  from  dumortierite.  Magnetite 
is  present  in  small  grains  as  well  as  titanium  oxide — rutile  (?).  An 
analysis  of  a  sample  of  pure  quartz  was  made  to  prove  the  absence  of 
any  feldspar  or  other  silicate.     The  analysis  follows: 

SiOj 98.78 

Fe,0,  (total) 45 

CaO 10 

MgO .^- none 

TiO, .*. 61 

PA- trace 

99.94 

A  rarer  phase  of  the  rock  consists  of  quartz,  muscovite,  and  dumor- 
tierite, which  is  here  present  in  small  pieces  but  a  few  millimeters  or 
less  thick.  The  mica  is  here  an  essential  constituent  of  the  rock  and 
in  places  becomes  abundant. 

Microscopically  the  minerals  present  in  the  lower  part  of  the  dike 
are  .seen  to  be  dumortierite  and  quartz,  with  muscovite  and  silliman- 
ite  in  small  quantities,  together  with  accessory  magnetite,  titanite, 
rutile  (?),  apatite,  and  zircon,  as  well  as  a  number  of  small  undeter- 
mined inclusions.  The  dumortierite  occurs  in  irregular  masses  with 
ragged  outline,  often  resembling  in  shape  the  hornblende  of  a  diorite. 
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Again,  it  forms  fan-shaped  radiating  masses,  sometimes  of  large  size. 
Irregular  broken  fibrous  ma.sses  also  oiTur  scattered  through  the  slide. 
The  quartz  is  allotriomorphic  and  is  but  slightly  eraeked.  It  is  rather 
full  of  inclusions  in  places.  With  the  exception  of  a  little  muscovite 
there  are  no  secondar}^  minerals  present. 

The  common  form  for  the  dumortierite  is  shown  in  radiated  fanlike 
masses  that  vary  considerably  in  size.  When  the  entire  piece  is  larger 
than  a  quadrant,  pails  of  the  black  cross  (seen  in  spherulites)  are  seen 
when  the  nicols  are  crossed.  These  fan-shaped  pieces  are  probably 
the  results  of  an  incomplete  spherulitic  growth.  The  most  perfect  one 
consists  of  but  half  a  circle.  On  certain  parts  no  radiated  fibers  are 
detectable,  the  (prismatic)  cleavage  lines  being  perfectly  parallel. 
Some  of  the  pieces  l)ecome  decidedly  fibrous  toward  the  ends,  and  the 
various  individual  fibers  depart  somewhat  from  true  parallelism.  In 
between  these  fibers  fine-grained  aggregates  of  muscovite  can  often 
be  seen. 

A  number  of  pieces  showed  a  (secondary  i)  grow  th  of  fibers,  which 
are  probably  in  all  cases  dumortierite,  as  with  high  poweis  a  faint 
pleochroism  can  be  detected.  They  were  at  first  thought  to  l)e  silli- 
manite,  but  they  agree  in  all  their  properties — so  far  as  can  l>e  deter- 
mined— with  dumortierite.     These  fibers  can  l>e  classed  in  two  parts. 

Those  in  the  first  part  seem  to  have  been  formed  as  a  secondary 
growth  on  the  main  masses  of  dumortierite.  The  fil)ers  branch  out 
considerably  and  often  form  a  radiating  fringe  around  an  entire  sec- 
tion of  the  mineral.  They  penetrate  the  quartz  grains,  and  interstitial 
nmscovite  is  absent.  The  line  where  they  join  the  main  miuss  of  the 
mineral  is  usuallv  fairly  well  defined.  In  general,  the  filxns  are  nor- 
mal to  the  edge  of  the  main  mass,  but  locally  they  vary  considerably, 
especial h'  where  they  form  fanlike  groups. 

The  fibers  of  the  second  class  clearly  represent  a  stage  in  the  altera- 
tion of  the  dumortierite  to  muscovite.  The  solid  mass  of  dumortierite 
becomes  fibrous  and,  at  the  edges,* breaks  up  into  small  fibers,  which 
gradually  become  loose  from  the  parent  mass.  The  space  where  they 
formerly  joined  is  now  occupied  by  a  granular  mass  of  muscovite, 
which  also  fills  the  spaces  lietween  the  fibers,  (iriadually  this  process 
goes  on  until,  finally,  we  have  a  large  mass  of  granular  muscovite  in 
whicli  are  embedded  a  few  fibrous  prisms  of  the  original  mineral. 
Fig.  6  shows  diagranmiatically  a  stage  in  the  process. 

Basal  sections  present  an  entirely  ditferent  appearance.  The  macro- 
pinacoidal  cleavage,  so  well  developed  on  the  New  York  mineral,  does 
not  show^  on  the  sections  of  the  California  mineral.  The  imperfect 
prismatic  cleavage  is  present  and  divides  the  section  up  into  a  multi- 
tude of  irregular  bodies.  Occasionally'  there  is  a  short  crack  parallel 
to  the  brachypinacoid,  and  it  may  be  that  the  mineral  possesses  an 
imperfect  interrupted  brachypinacoidal  cleavage. 
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The  prismatic  cleavage  was  found  to  be  parallel  to  the  prism  {21()}. 
A  large  number  of  measurements  gave  as  the  angle  {oio}  /  cleavage 
cmcks  6^2-61  ,  aveiuging  64^-65^^  The  angle  {olo}  /\  {21()}  is  66^  01'. 
The  cleavage  cracks  are  irregular,  and  it  was  difficult  to  obtain  any 
accurate  measurements,  but  the  ones  made  are  sufficient  to  determine 
the  cleavage.  They  were  measured  against  the  trnce  of  the  optic  axial 
plane. 

Polysynthetic  twinning  lamelhe  were  ol>served  a  number  of  times, 
and  in  one  particular  section  (the  same  on  which  the  prismatic  cleav- 
age was  mejisured)  were  determinable  to  a  certain  extent.  The 
alternate  lamelhe  extinguished  together,  the  difference  in  angle  of 
extinction  of  two  adjacent  lamelUe  being  about  31' .  The  line  joining 
these  lamellae  is  parallel  to  the  cleavage  or  to  ihe  prism  {210}.  The 
trace  of  the  axial  plane  is 
parallel  (or  nearly  so)  in  ad- 
jac*ent  lamellae. 

The  pleochroism  of  the 
mineral  is  beautiful,  espe- 
cially if  the  section  be  not 
too  thin.  c=  a  IS  colorless, 
b=:  h  is  colorless  to  very 
faint  pink,  a=  ^  is  deep-red 
purple.  None  of  the  sec- 
tions entirely  possess  the 
ordinary  blue  pleochroism. 
In  some  slides,  however, 
there  are  certain  small  areas 
of  varied  and  irregular  shape 
which  do  show  the  ordinary 

pleochroism.        These    small  ym.  e.-Dnmortierile  altering  to  niusoovite. 

blue  areas  in  the  rich  red- 
purple  background  make  a  most  beautiful  combination.     On  some 
sections  a  large  area  will  have  a  faint  bluish-purple  color,  as  if  inter- 
mediate between  the  deep-blue  and  the  red  purple. 

This  California  dumortieritc  contains  about  1^  \iev  cent  titanium 
oxide,  which  is  considered  as  Ti^Oj,  replacing  part  of  the  alumina. 
Correlating  these  facts  with  the  other  known  instances,  it  seems  as  if 
the  presence  of  the  titanium  controlled  the  occurrence  of  this  purple 
pleochroism.  Samples  of  the  Washington  and  Arizona  mineral,  free 
from  titanite  and  rutile,  and  which  possess  the  ordinary  colorless  to 
blue  pleochroism,  were  tested  qualitatively  for  titanium  with  hydro- 
gen peroxide,  with  a  negative  result  in  each  case.  One  might  conclude, 
therefore,  that  in  those  areas  of  a  dumortierite  section  in  which  the 
color  is  blue  there  is  no  titanium;  that  they  are  molecular  centers,  so 
to  speak,  which  are  free  from  titanium.    The  absorption  of  the  mineral 
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is  a>6=C  Optically  it  is  negative,  the  acute  bisectrix  a  being 
normal  to  the  base.  The  axial  plane  is  parallel  to  the  braohypinacoid. 
The  birefringence  is  higher  than  that  of  quartz,  though  only  by  a 
small  amount. 

The  sections  of  dumortierite  show  that  inclusions  are  rare.  The 
masses  of  mineral  are  usually  pure,  muscovite  being  about  the  only 
mineral  included,  and  this  is  not  strictly  an  inclusion,  as  it  is  a 
secondary  product,  forming  along  the  fibrous  cracks  of  the  mineral. 
In  one  basal  section  a  number  of  rutile  (?)  crystals  were  observed,  but 
such  inclasions  are  verv  rare. 

The  quartz  occurs  in  large  allotriomorphic  grains,  but  little  cracked 
and  sometimes  almost  free  from  inclusions  and  again  thickly  crowded 
with  them.  In  no  way  does  the  quartz  show  the  effect  of  pressure  as 
the  quartz  of  the  upper  part  of  the  dike  does.  Occasionally  when  the 
nicols  are  crossed  the  color  of  a  quartz  grain  will  be  somewhat 
banded,  these  bands  occurring  on  seveml  grains,  being  parallel 
throughout  the  entire  slide.  The  inclusions  are  sillimanite,  magnetite, 
rutile  (?),  and  an  undetermined  mineral. 

The  rock  composing  the  dike  is  doubtless  an  igneous  plutonic  rock. 
There  would  seem  to  have  been  an  interruption  in  the  stage  of  forma- 
tion of  the  entire  dike.  The  upper  or  sillimanite-bearing  part  was 
more  or  less  completely  formed  when  a  mass  was  pushed  into  the  place 
now  occupied  by  the  lower  part  of  Xhe  dike.  This  mass  exerted  a 
great  pressure  on  the  already  partly  formed  upper  part,  giving  it  its 
schistose  structure.  Boric  acid  in  large  amount  was  in  the  lower 
mass.  Possibly  it  was  a  later  intmsion  and  may  have  caused  the 
increase  in  pressure  of  the  lower  mass,  which  gradually  cooled  and 
formed  a  borosilicate  (dumortierite)  and  quartz.  The  absence  of 
dumortierite  in  the  upper  part  would  seem  to  indicate  that  the  addi- 
tion of  boric  acid  to  the  entire  mass  was  a  later  incident,  and  had  the 
original  magna  cooled  without  this  extra  intrusion  the  rock  would 
have  been  uniform  and  would  have  consisted  of  an  aluminum  silicate 
(sillimanite  or  andalusite)  and  quartz.  The  intrusion  of  the  boric  acid 
could  not  change  the  character  of  the  upper  part,  which  had  already 
(at  least  partiuUy)  formed,  but  it  did  change  the  character  of  the 
lower  part.  May  it  l>e  that  the  pressur.e  determined  the  formation  of 
sillimanite  instead  of  andalusite? 

WASHINGTON. 

Ford  mentions  this  occurrence  of  dumortierite  and  gives  as  the 
locality  "the  headwaters  of  the  North  Fork  of  the  Washougal  River 
in  Skamania  County,  Wash."  Mr.  Brereton,  of  Woodstock,  Oreg., 
very  kindly  sent  the  writer  a  number  of  specimens,  which  form  the 
basis  of  the  following  notes. 

As  Ford  states,  the  dumortierite  occurs  in  a  new  habit,  being  present 
as  small  spherulites  up  to  3  mm.  in  diameter. 


Digitized  by  VjOOQIC 


sTHALua]  DUMORTIERITE:  103 

The  TOi'k  in  which  they  occur  is  a  light-colored,  fine-grained  rock, 
containing,  besides  the  blue  spherulites,  patches  of  a  compact,  soft, 
light-green  mineral,  shown  to  be  muscovite.  While  the  exposed  sur- 
face of  the  rock  is  dark,  the  fresh  portion  light  gray,  rarelj^  becoming 
almost  white.  Sometimes  the  dumortierite  occurs  so  abundantly  as  to 
color  the  entire  rock  blue.  Pyrite  is  also  present  and  in  places  is  very 
abundant. 

Under  the  microscope  the  rock  is  seen  to  be  very  fine  grained  and 
to  consist  of  quartz,  muscovite,  and  andalusite  in  ne§rly  equal  propor- 
tions. The  porphyritic  spherulites  of  dumortierite  form  a  striking 
feature  in  the  fine-grained  rock.  The  pale-green  patches  before  men- 
tioned are  seen  to  be  muscovite.  Pyrite  is  abundant,  and  a  few  grains 
of  magnetite  (ilmenite?)  surrounded  by  leucoxene  are  also  present. 
In  places  the  leucoxene  is  abundant. 

The  andalusite  occurs  as  short  laths  with  a  square  cross  section  and 
also  as  irregular  more  or  less  opaque  masses  without  definite  shape. 
They  are  probably  in  some  stage  of  alteration,  possibly  to  muscovite. 
While  usually  very  minute,  the  laths  occasionally  become  quite  large 
relatively.  In  general,  the  andalusite  surrounding  the  larger  spheru- 
lites is  much  coarser  than  the  main  mass,  though  there  are  numerous 
exceptions.  When  clear  and  transparent,  the  laths  exhibit  the  normal 
properties  of  andalusite.  The  relief  is  moderate  and  the  birefringence 
low.  Imperfect  prismatic  cleavage  is  sometimes  seen.  The  prisms 
are  nonpleochroic  and  pleochroic  halos  are  absent.  Extinction  is 
always  parallel.  The  elongation  is  always  in  the  direction  of  maximum 
elasticity. 

Sillimanite  seems  to  be  entirely  absent.  Muscovite  occurs  in  the 
green  masses  and  also  in  minute  particles  distributed  throughout  the 
entire  rock.  Nowhere  does  it  occur  in  plates,  as  it  normally  does  in 
granite,  but  everywhere  it  is  in  minute  pieces.  A  good  deal  is  prob- 
ably derived  from  the  alterations  of  the  andalusite  and  dumortierite, 
and  it  may  be  possible  that  all  of  it  is  secondary — that  the  rock  origi- 
nally consisted  essentially  of  quartz  and  andalusite.  An  analysis  of 
the  green  mineral  was  made  on  a  small  amount  of  material,  containing 
also  some  andalusite  and  quartz.  It  shows  the  mineral  is  muscovite, 
thus  corroborating  the  microscopic  evidence. 

SiO, 50.13 

A1,0, 32.37 

Fe,0,  (total) 1.52 

MgO 09 

CaO 15 

H,0- 1.74 

H,0^ 5.08 

K/) 9.60 

100.68 
Specific  gravity 2.80 
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The  quartz  occurs  in  allotriomorphic  grains,  which  are  so  minute  and 
SO  mixed  with  the  andalusite  and  musco^te  that  recourse  was  had  to 
chemical  analysis  to  verify  their  determination  as  quartz. 

The  dumortierite  occurs  in  small  spherulites  scattered  throughout 
the  rock  and  occasionally  bunched  together  to  form  a  large  patch  of 
blue.  On  an  average  they  reach  a  diameter  of  from  one-half  to  1  mm. 
Their  shape,  while  in  general  circular,  is  often  elliptical  and  may 
become  very  irregular  in  places.  They  consist  of  fibers  radially 
arranged  and  show  the  optical  phenomena  of  ''spherulites.''  The 
dumortierite  has  parallel  extinction,  and  its  birefringence  is  somewhat 
higher  than  that  of  the  quartz  and  also  slightly  more  than  that  of 

the  andalusite,  though  the 
difference  between  that  of 
the  latter  two  minerals  is 
very  small. 

The  intensity  of  the  ple- 
ochroism  of  the  dumortier- 
ite varies,  so  that  in  some 
spherules  there  are  concen- 
tric bands  of  fibers  differing 
greatly  in  the  depth  of  their 
color.  Some  spherules  are 
almost  colorless,  and  it  was 
at  first  thought  they  might 
be  parallel  growths  of  anda- 
lusite with  the  dumortierite, 
but  such  a  conclusion  could 
not  be  verified. 

The  fibers  are  not  always 
perfectly  radial.  They  are  at  times  gathered  into  ''brushes,''  and  a 
number  of  these  put  together  ma}^  form  a  spherulite.  The  fibers  are 
thus  more  thickly  crowded  in  some  places  than  elsewhere,  and  this 
frequently  results  in  intensifying  the  pleochroism,  so  that  in  some 
spherulites  there  are  numerous  blotches  of  blue  of  nmch  deeper  color 
than  the  rest.  Muscovite  is  frequently  plentiful  in  a  spherulite,  being 
formed  between  the  fibers,  and  is  probably  an  alteration  product  of 
the  dumortierite.  Frequently  a  mass  of  dumortierite  will  l)e  almost 
completely  changed  to  mica,  leaving  but  small  fragments  of  the 
original  mineral  behind. 

The  fibers  of  dumortierite,  while  usually  arranged  radially,  some- 
times assume  different  shapes,  and  some  of  the  masses  of  dumortierite 
seen  under  the  microscope  are  reproduced  in  fig.  7. 

Fig.  7  shows  variations  from  typical  spherulitic  form  that  the  fibers 
of  dumortierite  assume,     a  is  four  prisms  irregularly  joined  at  the 


Flu.  7.— ForiiiH  of  duninrtierit^. 
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center,  the  ends  spreading  out  into  •'brushes"  of  fine  fibers.  This 
form  is  fairly  abundant,  h  forms  a  prismatic  portion  becoming  fibrous 
at  both  ends,  and  while  common  in  the  New  York,  Arizona,  and  Cali- 
fornia occurrences,  is  a  rare  type  for  Washington  dumortierite.  e 
forms  a  sort  of  fan  and  is  composed  of  several  '^  brashes  "joined  to- 
gether. It  is  a  common  type,  d  is  an  elliptical  spherulite.  ^  is  a 
mass  of  prisms  such  as  J,  but  not  spreading  out  as  a  does.  It  is  of 
rarer  occurrence.  y*is  a  bunch  of  radial  fibers  with  no  prismatic  stem 
as  in  t\     It  is  fairly  common. 

To  confirm  the  microscopical  determination  of  the  minerals  of  the 
rock  a  chemical  analysis  was  made  b3^  the  writer  of  a  fresh  sample  of 
the  rock.     The  results  obtained  are  shown  below. 

SiO, 57.18 

AljO, 34.10 

Fe,0, 54 

FeO 28 

MgO 10 

CaO .63 

Na,0 39 

KaO 2.57 

H,0- 69 

H,0-h 2.02 

TiO, 66 

ZrO, 02 

CO, none 

PA 53 

FeS, 28 

MnO none 

BaO 04 

SK) trace? 

Li,0 none 

100.  03 

Out  of  200  gitmis  of  rock,  4.3  grams  of  dumortierite  were  obtained. 
Some  was  doubtless  lost,  and  the  sample  still  contained  some  andalu- 
site,  but  2  to  2i  per  cent  would  approximately^  represent  the  amount 
of  dumortierite  present. 

The  mineralogical  composition  of  the  rock  is  about  as  follows: 

Andalusite 35 

Dumortierite 2 

Quartz .' 32 

Muscovite 27 

Accessories 4 

100 
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The  accessories  consist  of  pyrite,  magnetite,  possibly  ilmenite, 
ieucoxene,  and  apatite.  Considering  the  dumortierite  as  andalusite 
and  calculating  the  soda  in  the  analysis  as  potash,  we  get  the  following 
comparison: 


SiO, 

AlA 

K,0 

H,0 

Accessories. 


Calculated 
composition. 

Found. 

57.  66 . 

57. 18 

33.81 

34.10 

3.19 

.3.16 

1.22 

2.02 

4. 12  . 

3.54 

100.00 

t 

100.00 

It  is  interesting  to  compare  the  minerals  from  the  three  western 
occurrences,  where  feldspar  is  entirely  absent,  and  the  rock  in  each 
case  is  composed  (essentially)  of  the  following  materials: 

Arizona:  Dumortierite,  quartz,  muscovite,  kyanite. 

California  :  Dumortierite,  quartz,  muscovite,  sillimanite. 

Washington  :  Dumortierite,  quartz,  muscovite,  andalusite. 

As  the  three  minerals,  kyanite,  sillimanite,  and  andalusite  have  the 
same  chemical  composition,  the  composition  of  the  entire  rock  is  prob- 
ably also  similar. 

CRYSTAt.T^OGRAPHY. 

While  the  writer  was  at  the  California  locality  he  made  special 
search  for  crystals  of  dumortierite,  but  is  forced  to  the  conclusion 
that  good,  perfect  crystals  of  the  mineral  are  yet  to  be  found.  A 
large  quantity  of  seemingly  promising  material  \^tis  collected  and 
afterward  carefully  examined  with  a  lens.  One  minute  crvstal  wa.s 
found  showing  several  fairly  good  faces  in  the  pri.smatic  zone  and, 
when  mounted  on  the  goniometer,  presenting  minute  terminal  planes 
giving  poor  reflections.  Further  search  atforded  another  crvstal 
showing  several  prismatic  faces  but  no  terminations. 

The  collection  of  specimens  of  dumortierite  from  Clip,  Ariz.,  in  the 
United  States  National  Museum,  was  examined,  and  on  one  specimen 
was  found  a  small  crystal  showing  two  prism  faces  and  a  dome.  Fur- 
ther, three  small  crystals  were  obtained  from  the  New  York  min- 
eral. On  this  poor  material  the  following  work  is  Imsed.  The  results 
obtained  are  perhaps  not  accurate,  but  are  the  best  that  could  be 
obtained.  The  California  and  New  York  ci-ystals  are  long  prismatic, 
while  the  Arizona  crystal  may  be  termed  short  prismatic. 
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The  mineral  is  orthorhombic,  and  from  the  various  measurements 
the  following  axial  elements  have  been  calculated: 

tf  =  .8897 
^=.6871 

The  crystals  were  measured  with  the  two-circle  goniometer,  and  the 
values  toT po  *"^  9o^  from  which  the  above  ratios  are  obtained,  are 

i>.=.7723 
^,=.6871 

The  forms  observed  are  as  follows: 

J=0oo  =010 

a=ooO=100 

;=oo2  =  120 

m=ao    =110 

g  =  \^  =320 

^     2 

w  =  2oo=210 
d=:\o  =102 

t.=J>  =203 

Besides  these  forms,  reflections  were  obtained  from  several  other 
minute  faces,  but  they  were  so  minute,  and  the  reflections  so  poor,  that 
their  validity  is  very  questionable  and  they  are  omitted  from  the  fore- 
going list.  The  averages  of  the  measured  angles,  compared  with  the 
calculated  values,  are  shown  in  the  following  table: 


Letter  and  symbol. 

♦. 

Measured. 

1 

j_ 

00, 

00, 

00 

00  ' 

00 

00 

46 

58 

9- 

Caleu 

/ 

00 
00 
20 
20 
19 
01 
00 
00 

lated. 

P- 

o 

90 
90 
90 
90 
90 
90 
21 
27 

p- 

o 

90 
90 
90 
90 
90 
90 

n 

26 

h  =0«  =010 

o 

.   0 
91 
29 
49 
59 
65 
91 
87 

/ 

00 
23 
19 
01 
49 
23 
21 
39 

o 

0 
90 
29 
48 
59 
66 
90 
90 

/ 
00 

a  =00  0=100 

00 

/  =002=120 

00 

i,i=x    =110 

(iia 

g  =530=320 

00 

u  =2«=210 

00 

f/=JO  =102 

07 

r  =|0  =203 

14 
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The  bi-achypinacoid  is  present  on  four  crystals,  usually  as  broad 
faces.     Some  give  relatively  good  reflections. 

The  macropinacoid  occurs  on  all  crystals,  except  the  one  from  Ari- 
zona, and  always  as  narrow  faces.  The  reflections  were  poor,  but 
serve  to  identify  the  form.     The  ^  angles  measured  are  as  follows: 


Measured. 

Calculated. 

California ^ 

o 

90 
93 
90 
92 
91 
90 

/ 
02 

oa 

57  . 

15 

16 

o         / 

Do 

Do 

New  York 

90    00 

Do 

Do  .* 

The  brachy  prism  /=qo2  =  120  occurs  on  four  crystals  as  narrow 
faces  giving  fair  reflections. 


Measured. 

Calculated. 

California 

o 

30 
28 
29 
29 
29 

/ 
00 

00 

22 

34 

39 

o             / 

Do 

Do 

29     20 

New  York 

Do 

'  The  unit  prism  is  poorly  developed  on  the  California  crystals, 
being  present  but  once  as  a  narrow  face  giving  a  poor  reflection.  On 
the  Arizona  crystal  it  occurs  twice  as  broad  faces. 


Measured.     Calculated. 


California . 
Arizona... 


48  52 

49  16 


48    20 
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The  macro  prism  ^=ix)  =320  is  present  several  times, 
ured  angles  vary  somewhat. 


The  meas- 


Measured.     Calculated. 


California . 

Do  ... 

Do  ... 

Do  ... 

Do  ... 

Do  ... 
New  York 

Do  ... 

Do  ... 

Do  ... 

Do  ... 


o     » 

O      1 

58  55 

59  42 

60  36 

59  38 

59  23 

60  14 

59  19 

59  04 

60  07 

59  25  ' 

60  23 

60  31  1 

The  macro  prism  /?  =  2x)  =210  is  present  four  times.     The  reflec- 
tions were  fain 


Measured,  i  Calculated. 


California 65  26 

Do !  65  35 

Do [  a5  19 

Do ;  65  12   J 


\      66    01 


The  macro  dome  </=i0  =  102  is  present  once  on  the  Arizona  crystal. 
The  reflections  were  not  very  good. 

The  dome  r= J0=203  is  present  on  one  of  the  California  crystals. 
The  face  is  exceedingly  minute  and  the  reflection  was  poor. 

On  crystal  No.  4  (New  York)  were  observed  two  very  small  faces, 
giving  poor  reflections. 


(1). 


(2) 


9. 

- 

p. 

o 

o 

, 

83 

46 

17 

54 

83 

16 

17 

44 

80 

19 

16 

50 

84 

17 

17 

28 

These  agree  approximately  with  thesyml)ol  18.1.20 J,  or  considering 
the  form  vicinal  to  a  dome,  to  {205 J. 
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The  combinations  seen  on  the  six  crystals  are  as  follows: 


No.  1 
No.  2 
No.  3 
No.  4 
No.  5 
No.  6 


California /#,    a 

California //,    a 

Arizona i  — ,  — 

New  York !  ^,    a 

New  York 6,    a. 

New  York — ,    a 


- ,  -»  -,  yy  - , 

^  ~»  — .    9i  — »  — 


Fig.  8  shows  three  of  the  crystals.  A  is  from  California;  size, 
1  mm.  X  i  mm.  B  is  from  New  York;  size,  1  mm.  X  i  mm.  C  is  from 
Arizona;  size,  1  mm.  X 1  mm. 

The  following  table  gives  the  calculation  of  the  forms  of  dumortierite 
based  on  the  elements  given  in  this  paper.  The  table  corresponds  to 
the  forms  given  in  Goldschmidt's  Winkeltabellen. 


a -.8897  j      lga=9.M924       Iga,  =0.11202  ' 


c  =  .6871 


lgpo=9.88779  a,=1.2943  I  p.=.7723 


Igc^  9.88702       lgb« =0.16298       l^q.^ 9.83702  I 


I 


b,=1.4&54 


=.6871 


iNo. 


Let- 


3  I 

4  m 

6  '    n 

7  ,    d 

8  ,    V 


Mil- 
ler. 


010 
100 
120 
110 
320 
210 
102 
208 


g<Jt. 


*. 


Oas  I  0  00  90  00 

ocO  90  00  90  00 

cx2  29  07  90  00 

oc  49  01  I  90  00 

q<x>   ,59  47  90  00 

2«  65  23  90  00 

90  00  ,  21  07 


40 
!0 


90  00  27  14 


^ 

.. 

c 

0 

00 

90 

00 

90 

00 

90 

00 

90 

00 

90 

00 

21 

07 

27 

14 

no- 

o 

1 

o 

(Prism) 

y- 

<i  =  tgp. 

o       r 

90    00 

0 

00 

90 

00 

0 

oc 

OD 

0    00     90 

00 

0 

00 

3t 

0 

OC 

90    00 

29 

07 

60 

53 

.5570 

oc 

OC 

90    00 

49 

01 

40 

59  '  1.1510 

oc 

oc 

90    00 

59 

47 

30 

13     1. 7170 

OD 

00 

90    00 

66 

23 

24 

37     2. 1825 

00 

00 

0    00 

21 

07 

0 

00       .3862 

0 

0.3862 

0    00 

27 

11 

0 

00 

..SH7 

0 

.5147     1 

The  minerals  andalusite,  sillimanite,  staurolitc,  and  dumortierite 
possess  certain  properties  that  are  very  much  alike.  They  are  all 
orthorhombic,  their  axial  ratios  are  similar,  their  principal  constitu- 
ents are  silica  and  alumina,  and  in  many  ways  these  minerals  can  well 
be  grouped  together.  Using  the  word  isomorphous  in  its  general 
loose  sense,  these  minerals  are  isomorphous.  A  comparison  of  their 
axial  ratios  is  given  below: 


d. 


Andalusite '.        .9861 

Sillimanite .  970 

Stanrolite \        .  9795 

Dumortierite 8897 


.  7025 

(?) 
.6942 
.6871 
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For  Htaurolite  the  values  arc  taken  from  GoIdschmidf«  Winkelta- 
bellen  with  the  a  and  c  axes  interchanged. 

There  wa8  some  question  in  the  writer's  mind  as  to  whether  the 
orientation  chosen  was  the  best  or  whether  the  present  prism  1210!  had 
not  better  be  made  the  unit  prism.  The  cleavage  is  parallel  tb  this 
prism,  and  the  twinning  also  bears  some  relation  to  this  form.  More- 
over, the  ratio  above  given  for  staurolite,  though  adopted  by  Gold- 
schmidt,  is  not,  in  the  writer's  opinion,  the  best  one  for  the  mineml. 
The  one  given  by  Dana,  who  makes  the  a  axis  just  half  as  long,  would 
be  the  better  one.  The  common 
form  of  staurolite  is  prismatic,  with 
a  prism  angle  of  50^  40'  (Dana). 

For  andalusite,  on  the  other  hand, 
the  prismatic  angle  is  81)^  12'  and 
the  a  axis  should  be  .9861,  as  given. 
Should  dumortierite  be  classed  crys- 
tallographically  with  staurolite  or 
with  andalusite?  Unfortunately, 
the  evidence  is  almost  too  meager 
to  decide  this  question.  The  unit 
pri>;m  is  poorly  developed  on  the 
California  crystals  and  entirely  ab- 
sent from  the  New  York,  the  stron- 
gest form  next  to  the  brachypin- 
acoid  being  the  prism  {320}.  The 
prismatic  cleavage  is  parallel  to 
{210},  and  making  the  cleavage  form 
the  unit  prism  the  a  axis  should  be 
given  half  its  present  value.  On 
the  other  hand,  the  Arizona  crystal  is  of  the  typical  andalusite  habit, 
and,  making  the  prism  the  unit  one,  we  obtain  the  axes  as  here  given, 
(living  staurolite  the  (approximate)  same  axes  as  andalusite  and 
dumortierite,  the  prismatic  cleavf^e  is  parallel  to  the  same  form  as  in 
dumortierite  {210}. 

It  may  be  worth  noting  that  as  staurolite  and  dumortierite  are 
related  crystallographically  more  closely  than  either  with  andalusite, 
the  chemical  composition  of  the  two  former  is  much  more  complex 
than  that  of  the  last  named  species. 


Fio.  8.— Dumortierite. 


PHYSICAL.  PROPERTIES. 

GENERAL  PROPERTIES. 


Macroscopic  crystals  are  exceedingly  rare,  the  mineral  usually 
cKX'urring  in  prismatic  fibrous  forms  showing  no  crystal  faces.  The 
Washington  mineral  occurs  in  spherulitic  forms  which  are  but  a 
special  arrangement  of  fibers. 
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The  cleavage  is — macropinacoidal  ^ood,  prismatic  {^10}  imperfect, 
and  basal  imperfect,  and  perhaps,  also,  in  traces,  brachypinacoidal. 
The  New  York  mineral  shows  the  macropinacoidal  cleavage  very  well, 
while  the  California  mineral  shows  the  imperfect  basal  cleavage.  The 
fracture  is  rough  and  the  fibrous  prisms  are  somewhat  brittle,  though 
a  mass  of  fibers  is  very  tough.     The  hardness  is  7. 

The  following  values  for  the  specific  gravit}^  have  been  given: 

3.36 

3.265 

3.22 

3.319 
3.226-3.43 
3.211-3.302 


Av.     3.292 


The  writer  obtained  3.306  as  the  density  of  a  piece  weighing  about 
10  grams.     A  good  average  value  would  be  8.30. 

The  luster  is  vitreous,  somewhat  satiny  on  the  fibrous  California 
mineral.  The  color  is  usually  blue,  though  also  lavender  and  greenish 
blue  to  black.     The  colors  noted  are: 

France:  Blue,  black. 

Germany:  Blue,  bluish  green. 

Sweden:  Blue. 

New  York,  Arizona,  Washington:  Blue. 

California:  Lavender. 

The  mineral  is  usually  opaque  in  its  massive  form,  but  the  small 
fibers  of  the  California  mineral  are  transparent  to  translucent. 

OPTICAL  CHARACTERS. 

All  the  determinations  made  on  the  mineral  from  different  localities 
have  given  the  same  orientation.  The  axial  plane  is  parallel  to  the 
brachypinacoid,  the  acute  bisectrix  is  normal  to  the  base.  The  mineral 
is  negative. 

The  following  are  the  pleochroisms  noted  on  the  mineral  from  dif- 
ferent localities:  Colorless  to  cobalt  blue,  pale  yellow  or  colorless  to 
cobalt  blue,  colorless  to  pistachio  green,  colorless  to  rose  salmon, 
colorless  to  deep  carmine,  colorless  to  red  purple  (California). 

AXIAL   ANGLES. 

On  the  Norway  mineral,  2VNa  was  determined  as  about  35  .  Linck 
states  that  the  Angle  is  somewhat  less  than  that  of  muscovite. 
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The  axial  angle  on  the  California  dumortierite  is  small.  The  fol- 
lowing measurements  were  made  with  the  microscope  and  micrometer 
oeiilar,  and  represent  only  approximate  values: 

2Eli=33^ 

2ENa=37 
2Ecn=42 

The  dispei-sion  thus  is  f)<v. 

INDICES   OF   REFRACTION. 

Linck  obtained  for  the  dumortierite  from  Germany 

a=1.678 
/?=  1.686 

a-^y=   .011 

Michel  Levy  and  Lacroix  give  (;^— a)=.010  with  the  dispersion 
(strong)  p>v^  while  Bertrand  in  his  original  description  gives  p<v  as 
the  dispersion.  The  value  {y—oc)  for  quartz  is  .009  and  for  andalusite 
.011.  The  birefringence  for  dumortierite  is  always  a  little  higher  than 
that  of  the  quartz,  and  in  the  Washington  mineral  very  nearly  that  of 
the  andalusite. 

PYROGNOSTICS. 

The  mineral  is  infusible  before  the  blowpipe,  but  loses  its  color, 
becoming  white.  It  gives  a  blue  color  on  heating  with  cobalt  nitrate. 
If  the  mineral  be  very  finely  powdered  and  intimately  mixed  with 
potassium  bisulphate  and  calcium  fluoride  and  the  powder  be  carefully 
introduced  into  the  flame,  a  green  color,  due  to  the  boric  acid,  may  lie 
momentarily  seen,  but  it  is  an  exceedingly  difficult  reaction  to  obtain. 

CIIEMICAIi  COMPOSITION. 

In  1881,  after  the  first  announcement  of  the  discovery  of  the  mineral 
had  been  made  by  Gonnard,  Damour  gave  the  following  analysis  of 
the  mineral: 

SiO, 29.85 

A1,0, 66.02 

Fe,0, 1.01 

MgO 45 

Ign 2.25 

99.58 
Specific  gravity 3.36 

From  this  analysis  the  formula  4Al205,3SiOj  was  calculated. 
Damour  did  not  suspect  the  presence  of  boric  acid  in  the  mineml,  and 
what  was  weighed  as  alumina  probably  contained  several  per  cent 

Bull.  262—05 8 
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BjO,.  In  1887  Riggs  gave  an  analysis  of  the  New  York  mineral,  in 
which  he  found  4  per  cent  BgO,.  Two  years  later  Whitfield  gave 
seveml  analyses  of  American  dumortierite,  all  showing  the  presence 
of  BjOj.  In  1899  Linck  gave  some  observations  on  the  mineral, 
including  an  analysis  by  W.  Schimpff ,  showing  a  strong  test  for  boric 
acid.  In  1902  Ford  gave  us  three  analyses  of  American  dumortierite 
and  also  mentioned  two  new  localities.  During  the  winter  of  1903-4 
the  writer  made  an  analysis  of  the  California  dumortierite  collected  by 
himself  during  the  previous  summer.  An  analysis  was  also  made  at 
the  same  time  of  the  Washington  dumortierite  kindly  furnished  by 
Mr.  Brereton. 

Believing  that  one  good  analysis  is  better  than  several  poorer  ones 
for  the  exact  determination  of  the  formula  of  the  mineral,  there  will 
be  presented  an  analysis  of  the  California  dumortierite  made  by  the 
writer.  From  this  a  formula  has  been  calculated  for  the  mineral, 
and  it  will  be  shown  how  the  other  analyses  agree  with  this  proposed 
formula.  Before  giving  the  results  a  few  preliminary  words  will  not 
be  out  of  place. 

An  analysis  of  dumortierite  is  a  difficult  operation.  The  small 
amount  of  silica  makes  it  difficult  to  get  a  good  fusion.  On  prelimi- 
nary trials  on  an  analysis  of  the  California  dumortierite,  it  was  found 
that  what  was  weighed  as  silica  in  the  regular  course  of  the  analysis 
contained  more  or  less  of  the  undecomposed  mineral.  Results  of 
about  80  to  32  per  cent  were  obtained.  This  is,  of  course,  on  the 
uncorrected  silica.  It  was  found  that  a  second  fusion  of  the  supposed 
silica  was  not  only  very  beneficial,  but  also  necessary.  What  was 
then  weighed  as  silica  contained  but  little  residue.  The  handling  of 
so  large  an  amount  of  alumina  is  very  cumbersome,  and  an  accurate 
determination  of  the  alumina  (plus  iron  and  other  oxides  here  pre- 
cipitated) is  difficult.  The  boric  acid  determination  is  tedious  and 
difficult.  The  accurate  determination  of  the  water,  which  is  given  off 
only  at  a  high  temperature,  is  also  not  easy.  One  can  thus  see  that 
an  analysis  of  such  a  mineral  is  a  troublesome  operation  and  that  a 
greater  allowance  must  be  made  than  for  most  silicate  analyses. 

The  specimen  analyzed  was  selected  in  the  field,  an  exceedingly 
pure  piece  weighing  about  10  grams  being  chosen.  The  specific 
gravity  of  this  piece  was  taken  by  suspension  in  water,  giving  3.306. 
This  was  broken  into  small  pieces  and  carefully  examined  for  musco- 
vite,  quartz,  or  other  minerals.  Sections  of  the  mineral  sh  wed  that 
the  dumortierite  was  free  from  any  inclusions.  No  grains  of  any  tita- 
nium mineral  abundant  in  the  quartz  could  be  detected.  When  the 
mineral  was  powdered  it  was  treated  with  heavy  solution,  of  specific 
gravity  3.10,  and  a  minute  amount  of  mineral  (muscoviteO  stayed  on 
top  and  was  removed.  The  separation  was  repeated  several  times, 
and  the  powder  was  dried  at  100^  and  carefully  examined  under  the 
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microscope  for  impurities.     None    was  found.     The   mineral  was 
unquestionably  pure. 

The  general  analytical  methods  used  were  those  pursued  in  the 
Survey  laboratory  for  silicate  analyses,  with  a  few  modifications.  The 
mineral  was  fused  with  sodium  carbonate,  the  silica  separated -and 
re-fused  with  sodium  carbonate.  The  silica  was  filtered  off,  weighed, 
and  treated  with  HF,  which  left  some  residue.  The  alumina  (plus 
iron  and  titanium)  was  precipitated  three  times  to  be  sure  of  remov- 
ing all  of  the  sodium  salts.  It  was  ignited  and  weighed  with  the 
silica  residue,  fused  with  sodium  bisulphate,  some  silica  recovered, 
the  iron  was  reduced  and  determined  by  titration  and  the  titanium 
was  determined  colorimetrically.  The  presence  of  titanium  was  sus- 
pected from  the  color  of  the  pleoc^hroism  of  the  mineral.  The  boric 
acid  was  determined  by  the  Gooch  method,  using  all  of  the  known 
precautions.  The  mineral  was  twice  fused  with  sodium  carbonate  and 
the  boric  acid  was  finally  weighed  as  calcium  borate.  The  water  was 
collected  in  a  calcium  chloride  tube,  the  mineral  being  heated  in  a 
Gooch  tubulated  crucible  in  the  usual  manner.  A  blank  determina- 
tion was  run  before  and  after  each  water  determination  and  a  small 
correction  applied.  All  possible  precautions  were  taken  throughout 
the.  analysis,  which  was  made  in  duplicate.  The  results  are  given 
below. 


8iO,.. 

AI,0,. 
Ti,0,. 
Fe,0,. 
H,0.. 
B,0,  . 


1. 

2. 

Average. 

28.58 

28.78 

28.68 

63.31 

63.30 

63.31 

1.49 

1.40 

1.45 

.21 

.25 

.23 

1.53 

1.51 

1.52 

5.21 

5.53 

5.37 

100. 33  I  100.  77 


100.56 


The  titanium  is  regarded  as  present  as  TigOj,  replacing  the  alumina. 
Combining  the  alumina,  titanium,  and  iron,  the  following  ratios  are 
obtained: 

SiO, 5.94  or  6 

A1,0, 8.00       8 

B,0, 1.06       1 

H,0 96       1 

The  formula  for  dumortierite  then  is 

8A1,0„  IBA,  1H,0,  6SiO,. 

It  has  not  been  proved  that  either  boric  acid  and  alumina  or  boric 
acid  and  hydroxyl  may  mutually  replace  each  other  in  minerals  as  fluor- 
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ine  and  hydroxyl  are  known  to  do.  There  is,  then,  no  reason  that  the 
writer  can  see  why  the  ahimina,  boric  acid,  and  water  in  dumortierite 
should  not  be  present  in  fixed  quantities,  and  that  the  variations 
shown  in  analyses  are  not  due  to  'Msomorphous  replacements,"  but  to 
inaccuracy  of  analyses  or  impure  material. 

Having  established  the  above  formula  from  the  analysis,  let  us  see 
how  closely  the  other  analyses  conform  to  it. 

The  best  series  of  analyses  is  that  made  by  Ford  of  mineral  from 
three  American  localities.  His  first  analyses  of  the  Arizona  material 
are  tabulated  below. 


Al,03 
Fe,0. 

BA- 
H,0. 


1. 

2. 

3. 

30.00 

29.66 

29.91 

63.20 

63.74 

63.76 

.23 

.23 

5.47 

5.06 

1.45 

1.38 

- 

A  verajfe. 

29.86 

63.56 

.23 

5.26 

1.41 

100.32 


The  ratios  calculated  from  the  average  analysis  give 

SiO, 6. 29  or  6X1. 05 

AljOj 7.94       8X  .99 

B,Os 96       IX  .96 

,      H,0 1.00       IXl.OO 

The  agreement  with  the  proposed  formula  is  perfect. 

His  second  analysis,  that  of  the  California  mineral,  shows  slight 
variations  from  the  results  obtained  by  the  writer.  The  presence  of 
titanium  was  not  determined.     His  anal^'sis  is: 


AlA  . 
Fe/),. 

BA-- 
H,0.. 


30.  58 
61.83 


Ration. 


,36  ;/ 


6. 17  or  6X1. 03 
7.40       8X   .93 


5.  93 
2.14 


100.84 


1.04 
1.45 


1X1.(H 
1X1.45 


The  ratios  agree  well  with  the  new  formula  except  for  the  water 
content.  Remembering,  however,  that  the  amount  of  wati»r  present 
is  very  small  and  that  a  difference  of  0.10  per  cent,  would  make  a 
large  difference  in  the  ratios;  that  Ford  determined  his  water  by  ignit- 
ing the  mineml  with  lime,  thus  not  weighing  the  water  directly;  and 
that  the  writer  obtained  only  1.52  per  cent  on  the  same  mineral  from 
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the  same  locality,  it  3^em8  much  preferable  to  regard  the  determi- 
nation of  the  water  in  Ford's  analysis  as  too  high  rather  than  to 
attempt  an  explanation  of  it  by  the  assumption  of  ''isomorphous 
replacement,  etc." 

Of  the  third  analysis  by  Ford  of  the  New  York  mineral,  he  says:  "  It 
is  fully  realized  that  the  results  are  not  to  be  looked  upon  as  being  as 
exact  as  those  of  the  other  analyses." 

His  analysis  is: 


8iO,  . 
Fe,0, 
H,0. 


31.24 

61.26 

.10 

6.14 

2.09 

100.83 

Raticm. 


6.23  or  6X1. 04 
7.23       8X  .90 


1.06 
1.40 


1X1.06 
1X1.40 


Assuming  that  his  water  content  is  somewhat  high,  the  ratios  agree 
well  with  the  new  formula. 

This  concludes  the  list  of  anal3"ses  of  dumortierite  which  were  made 
on  pure  material  and  with  due  knowledge  of  what  was  to  be  determined. 
A  number  of  othet  analyses  will  now  be  given,  which  serve  in  a  gen- 
eral way  for  the  determination  of  the  composition  of  the  mineral,  but 
can  not  be  relied  on  for  exact  results. 

One,  which  has  heretofore  not  been  published,  was  made  by  the 
writer  on  the  Washington  dumortierite.  About  200  grams  of  the  rock 
was  powdered,  and  by  repeated  separation  with  heavy  solutions  about 
4  grams  of  dumortierite  were  obtained.  The  sample,  was  by  no  means 
pure.  It  was  found  impossible  to  remove  all  the  andalusite,  an  unknown 
but  small  amount  remaining.  It  was  found  during  the  course  of  the 
analysis  that  the  samples  also  contained  some  titanite  (leucoxene)  and 
a  very  small  amount  of  pyrite.  The  analysis  was  made  with  all  the 
care  possible,  and  the  following  results  were  obtained: 


RiO, .. 

FeA- 
TiO,.. 
H,0.. 
B,0,.. 
CaO.. 


Ratios  after  deduct- 
ing titanit«. 


28.51 

59.  75 

2.48 

.95 

2.12 

5.54 

.68 

100.03 


I 


5.  97  or  6X0. 99 
7.80      8X  .97 


1.53 
1.03 


lXl.53 
1X1.03 
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Excepting  for  the  high-water  content  the  analysis  agrees  very  well 
with  the  formula.  No  allowance  was  made  for  the  small  amount  of 
andalusite  present, which  would  slightly  alter  the  ratios. 

The  analysis  by  Schimpff  of  dumortierite  from  Germany  is  given 
below.     Obviously  it  is  worthless  for  any  calculation. 

SiOj 36.81 

AlA 57.27 

^CaO 1.66 

MgO 1.38 

Ign 1.31 

B,0, 8trong  test 


98.43 

Of  similar  character  is  Jannasch's  analysis  of  the  Argentine  mineral. 
The  sample  was  probably  very  impure. 

SiO, 35.01 

B,0, 2.51 

TiO,(TiA'0 1.08 

Al.O, 51.49 


Fe,0,. 
CaO., 
MgO. 
K,0.. 
Na,0. 
H,0.. 


Specific  gravity 


1.04 
.28 
.54 

3.62 
.96 

3.02 

99.55 
3.255 


There  now  remain  the  analyses  of  Whitfield  and  Riggs,  of  which 
but  one  is  suitable  for  any  calculation.  The  analyses  are  as  follows. 
No.  1  being  of  the  New  York  mineral,  by  Riggs;  No.  2  of  the  New 
York,  and  Nos.  3  and  -4  of  the  Arizona  mineral,  by  Whitfield. 


SiOj  . . 

AlA- 
Mg().. 
K,0  .. 
Na./)  . 
PA- 

Ign... 


1. 

2. 

34.82 

31.44 

55.30 

68.91 

.57 

1.04 

1.76 

4,07 

trace 

2.96 

3. 

31.  52 

6:^.66 

.52 

.11 

.37 


2. 62 
1.34 

100.52     100.  .^3  I  100.14 


4. 

27.99 
64.49 
trace 


.20 
4.a5 
1.72 

.99.  a5 
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The  ratios  of  the  la«t  analyses  are 

SiO, 5. 94  or  6X0. 99 

A1,0, 8.09       8X1.01 

B,0, 80       IX  .80 

H,0 1.22       1X1.22 

Approximately  they  a^ree  with  the  formula. 

The  only  question  of  which  there  seems  to  be  any  doubt  is  whether 
the  water  should  be  1  or  1^  molecules.  As,  however,  the  best  analyses 
show  but  1  molecule  and  their  evidence  is  considered  as  of  much  more 
value  than  a  larger  numl>er  of  inferior  analyses,  there  is  no  question 
in  the  writer's  mind  but  that  the  formula  for  dumortierite  is 

8A1,0„  IBA,  IHgO,  6SiO,. 

This  may  be  written 

(SiOj3Al(A10),(BO)H, 

which  is  the  same  as  the  formula  given  by  Groth  except  that  for  (BO) 
he  puts  (AlO).     His  formula  is  (SiOJ,Al(A10)gH. 
This  formula  may  be  written  in  the  following  form: 

Al^SiO.=(A10), 
SiO— AlO 
\B0 
\H 

This  formula  is  similar  to  that  of  andalusite,  which  is  written 

SiO.=Al 
Al^SiO.=Al 
^SiO,=(A10), 

Dumortierite  alters  to  muscovite.  The  change  can  be  very  well 
shown  by  these  formulae,  and  seems  to  be  entirely  in  accordance  with 
the-group  of  minemls  to  which  it  is  related. 


H-alumina  and  boric  acid  set  free. 


Dumortierite.  Muscovite. 

SiO,=(A10),  SiO,=Al] 

Al^SiO=(A10)s=Al^SiO,=Al 
SiO,— AlO  SiO— K 

\BO  \H, 

Ml 
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1.  HAT^T^OYHITE. 

The  pink  clay  occurring  at  Branchville,  Conn.,  has  been  shown^  to 
be  montmorillonite,  while  that  occurring  at  Norway,  Me.,  has  proved* 
to  be  cimolite.  That  from  the  lepidolite  mine  near  Pala,  San  Diego 
County,  Cal.,  differs  from  both  of  the  New  England  clays,  being 
comparable  with  halloysite. 

At  Pala  the  halloysite  occurs  in  large  seams,  often  several  inches 
thick,  and  many  feet  in  length.  The  clay  is  somewhat  moist,  but 
quickly  dries  to  a  crumbling  mass  when  taken  out  of  the  mine.  In 
color  it  is  rather  deeper  pink  than  the  Norway  cimolite  and  occasion- 
ally is  somewhat  translucent.  It  readily  crumbles  to  a  fine  powder 
when  placed  in  water.  The  material  analyzed  had  been  drying  in  the 
air  for  over  three  months. 

The  results  of  analysis  are  shown  below. 

SiO, 43.62 

A1,0, :i5.55 

Fe,0, 21 

MnO 26 

CaO 1.02 

MgO 19 

UjO 23 

Na,0 19 

K,0 03 

H,0  (107**) 6.63 

H,0  (above  107**) 12.25 

TiO, none 

100. 18 

The  iron  was  determined  as  FcjOj,  FeO  not  l>eing  test^  for.  The 
analysis  agrees  well  with  the  formula  '' 

H,AI,SiA+H,0. 

o  Am.  Jour.  8fi.,  vol.  'JO,  1880,  p.  283.  t»Ibid.,  32.  1«S0.  p.  355. 
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2.  AMBIiYGONITE. 

The  occurrence  of  amblygonite  at  the  lepidolite  mine  at  Pala,  Cal., 
has  already  been  noticed,  and  a  somewhat  fuller  description  of  the 
mineral  is  here  given.  A  large  deposit  has  been  uncovered,  and  the 
indications  seem  to  show  that  it  is  merely  a  small  part  of  an  extensive 
body  of  massive  amblygonite.  The  mineral  usually  occurs  pure;  very 
rarely  small  amounts  of  lepidolite  are  present  with  it.  Frequently 
broad  cleavage  faces  with  irregular  outlines. can  be  seen.  The  color 
is  white  and  in  thin  pieces  the  mineral  is  translucent.  It  fuses  easily, 
coloring  the  flame  red,  and  in  powder  is  difficultly  decomposed  b}- 
sulphuric  acid. 

An  analysis  of  a  specimen  kindly  presented  by  Mr.  G.  F.  Kunz 
gave  the  writer  the  following  results: 

PA 48.83 

AlA 33.70 

FejOs 12 

MnO 09 

MgO 31 

Li,0 9.88 

Na,0 14 

H,0 5.95 

F 2.29 

TiO, none 

101.31 
LeeaO 9« 

100.35 

Regarding  fluorine  and  hydroxyl  as  isomorphous,  in  the  specimen 
analyzed  the  latter  greatly  predominates  over  the  fluorine.  The  water 
was  determined  by  igniting  the  mineral  with  lead  oxide,  previously' 
heated  nearly  to  fusion.  Three  determinations  gave  the  loss  of  weight, 
due  to  the  escape  of  water,  as  5.89,  6.01,  5.95  per  cent.  The  loss  of 
the  mineral  on  ignition  was  8.03  per  cent,  equaling  the  sum  of  the 
water  and  fluorine  content. 

3.  BOOTIIITE. 

A  specimen  of  a  pale- blue  copper  sulphate  was  collected  at  the 
copper  mine  near  Campo  Seco,  Calaveras  Count}',  Cal.,  by  Mr.  James 
Wise  and  kindly  presented  to  the  writer  for  investigation.  The  pale- 
blue  color  suggested  that  the  mineral  might  be  boothite  instead  of  the 
more  frequently  occurring  chalcanthite.  The  results  of  a  chemic^il 
analysis  have  shown  that  the  mineral  is  boothite,  thus  affording  a 
second  locality  for  this  interesting  mineral.  Careful  quantitative 
determinations  of  hydrous  copper  sulphates  will  probably  show  that 
the  heptahydrate  is  not  so  rare  as  may  be  supposed. 
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The  mineral  from  Campo  Seco  occurs  massive,  showing  no  crystal- 
line Htructure.  The  average  of  several  determinations  afforded  the 
results  shown  below. 


Ratio. 


CuO I 

Fe() 

Mg() ' 

««. I 

H,O(n0°) 30.76 

H,0  (above  110») '      4.91 

Insol •  3.96 


26. 13  ^ 

1.00 

.81 

.03 

.64 

.05 

27.25  i 

1.04 

1  '       6. 22^ 

}41.67  I        _  J7.O6 


100.46 


Formula,  CuSO,.H,0+6H,0. 

A  careful  determination  of  the  specific  gravity  of  the  mineral  gave 
(21^  C.)  1.944.  This  being  much  lower  than  the  value  obtained  (2.1) 
on  the  boothite  from  Leona  Heights,  a  redetermination  of  the  latter 
was  made  on  purer  material  collected  since  the  publication  of  the  first 
resulb*."  This  gave  as  an  aveitige  value  the  figure  (22"^  C.)  1.935. 
The  average  of  these  two  determinations,  or  1.94,  is  probably  very 
near  the  true  value  for  the  specific  gravity  of  boothite. 

4.  PISANTTE. 

A  small  specimen  of  massive  pisanite  from  Gonzales,  Monterey 
County,  Cal.,  was  analyzed  some  time  ago  and  the  results  are  here 
presented.  The  quantity  of  material  available  for  analysis  was  very 
small  and  the  determinations  do  not  claim  any  great  a<*cumcy.  About 
0  per  cent  of  insoluble  matter  has  been  deducted  and  the  results  recal- 
culated to  100  per  cent. 


CnO. 
FeO. 

so,  . 

H,0. 


Ratio. 


7.56  I 

15.  a5  I 

30.74  I 
45.85  i 


0.27 


:> 


89 


1.08 
7.18 


100.00 


The  analysis  approximates  to  the  foimula  Cu0.2Fe0.3S03.2lHjO. 

aSchaUer.  W.  T.,  Minerals  from  Leona  Heighta,  Alameda  County,  Cal.:  Bull.  Dept.  Geol.  Univ. 
Cal.,  vol.  8,  No.  7. 
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In  the  following  table  all  available  analyses  of  pisanite  are  tabu- 
lated, and  one  can  re^ily  see  that  there  is  no  definite  ratio  between 
the  copper  and  iron.  The  formula  is  then  written  (Cu,Fe)S04.7H,0, 
pisanite  being  an  isomorphous  mixture  of  melanterite  and  boothite. 
All  the  analyses  are  calculated  to  100  per  cent.^ 


No.  1. 


No.  2, 


NO.  3. 


No.  4. 


CiiO 

FeO 

25.86 
28.80 
45.  ,•« 

SO, 

H,() 

100.00 

7.5(5 
15.85 
30.74 
45.  85 


No.  ft. 


9.17  10.07  12.  m 

16.37  I  (16.15)  14.14 

29.00  28.84  I  28.44 

45.46  I  (44.94)  44.81 


100.00     100.00 


No.  7. 


CuO I  15.56 

FeO I  10.98 

SOs 29.90 

H,0 '  43.56 


100.00 


No.  8. 

17.45 
10.18 
28.43 
43.94 

100.00 


No.  9. 

17.64 

9.62 

28.27 

44.47 


No.  10. 

18.81 

8.51 

27.93 

44.75 


No.  G. 

15. 52 
12.14 
27.  82 
44. 52 


100.00  I  100.00  I     100.00 


No.  n. 


27.85 


100.00 


100.00 


28.02 
44.13 

100.00 


5.  GYROL.ITE. 

In  the  same  rock  and  but  about  50  feet  distant  from  the  place  where 
the  pectolite*  and  datolite  occur,  at  Fort  Point,  San  Francisco,  Cal., 
were  a  number  of  veins  of  a  pearly  massive  zeolite,  which  analysis 
showed  to  be  gyrolite.  The  veins,  i*anging  from  microscopic  size  to  a 
thickness  of  nearly  a  centimeter,  occur  in  a  dark  basic  igneous  rock, 
probably  a  basalt.  The  gyrolite  has  replaced  the  rock  and  grown  out- 
ward from  both  sides  of  the  vein,  forming  a  contact  line  in  the  middle 
where  the  two  parts  join.  The  mineral  is  grouped  in  spherical  and 
also  in  massive  platy  or  plumose  aggregates.  It  is  at  times  associated 
with  apophyllite,  but  usually  occurs  pure.  Its  color  on  the  fresh 
fracture  is  white,  while  on  the  weathered  surface  it  is  a  browni.sh- 
yellow.     It  has  a  decided  pearly  luster  and  possesses  a  good  cleavage. 

Under  the  microscope,  a  thin  section  of  the  rock  containing  these 
veins  shows  that  the  rock  has  been  replaced  by  this  secondary  mi nera', 
always  commencing  as  a  minute  vein,  probably  originating  in  a  micro- 

o  A.nal.  No.  1,  theoretical  coinp.  of  melanterite.  FeS04.7Hs().  No.  2,  Schaller,  anal,  quoted  above;  No. 
3,  Schaller,  Bull.  Dept.  Geol.  Univ.  of  Cal..  vol.  3,  No.  7:  No.  4.  Hintz,  Zeit.  Kry«.,  2.  309;  No.  5,  Hllle- 
brand.  Bull.  V.  S.  Geol.  Survey  No.  220,  p.  106:  No.  6.  see  No.  3;  No.  7,  Pisani,  Comptes  Rendun,  ISW, 
48,  807:  No.  8,  nee  No  3;  Nos.  9  and  10,  Hera.  Zelt.  Kr>'8.,  26,  16;  No.  11,  theoretical  comp.  of  boothite, 
CuSO4.7Hs0. 

frEakle,  A.  S.,  Mlneraloglcal  notes:  Bull.  Dept.  Oeol.  Univ.  Cal..  vol.  2.  No.  10,  1901. 
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8Copic  fissure  of  the  rock.  A  multitude  of  these  veins  are  present, 
h'ing  in  nearly  parallel  position  and  varying  greatly  in  size.  There  is 
nothing  to  suggest  that  the  gyrolite  may  have  been  derived  from 
apophyllite.  It  may  have  been  derived  entirely  from  the  igneous 
rock  or  only  Jh  part.  The  mineral  was  first  deposited  at  the  walls  of 
the  vein  and^from  thence  grew  outward  into  the  open  fissure  from 
both  sides,  also  probably  replacing  the  rock  wall.  The  thin  section, 
as  well  as  the  hand  specimen,  shows  a  decided  plumose  structure  of 
the  mineral.  These  plumose  aggregates  show,  under  crossed  nicols, 
the  black  extinction  cross.  The  interference  colors  are  bright  and 
vivid.  Heddle"  says  of  these:  "The  sections  of  orbicular  gyrolite 
are  among  the  most  splendid  of  polariscopic  objects,  resembling  a  cir- 
cularly opened  fan,  of  most  brilliant  and  abruptly  contrasted  colors." 

The  properties  of  the  mineral  are  not  very  well  known.  Heddle* 
mentions  some  crystalst  resembling  heulandite  in  form.  The  mineral 
is  described  as  unaxial,  though  as  a  matter  of  fact  it  is  biaxial,  but 
like  biotite  the  axial  angle  becomes  0*^  at  times.  Cleavage  plates 
show  the  emergence  of  a  bisectrix.  The  (approximate)  measurement 
of  2  Ena  gave  values  (on  the  Fort  Point  material)  of  from  0°  to  25^. 
The  sign  is  always  negative.  Heddle  obtained  2  E  =:  0^  —  3°.  When 
there  was  a  straight  edge  suggesting  a  possible  crystal  direction,  the 
extinction  was  not  parallel. 

Dana^  gives  as  the  formula  of  the  mineral  3HjO,  2CaO,  3SiO„ 
while  Clarke*'  gives  SH^O,  4CaO,  6SiOj,  which  is  the  formula  deduced 
by  the  writer  from  the  following  analysis  of  the  San  Francisco 
mineral: 


RAtio. 


SiO, 53.47  I            6.02 

AljO, .22    

CaO 32.00   1 

Xa.0 , !  1.25}          '■'' 

H,0 K^.21  ,            4.99 

I       100.15    


The  specific  gravity  is  2.39.  Traces  of  iron,  magnesium,  and 
potassium  are  present,  while  strontium,  chlorine,  and  fluorine  are 
absent. 


«  Heddle,  M.  F.,  On  the  optic  properties  of  Kyrolite:  Mln.  Mag.,  vol.  9.  1890-1^91,  p.  391. 
«» Heddle,  M.  F.,  On  the  crysUlline  form  of  K.vrolite:  Mln.  MaK.,  vol.  «,  1H88-18«9,  p.  272. 
fSyBtem  of  Mineralogy,  6th  edition,  p.  566.  1S92. 
rfClarke,  F.  W.,  The  constitution  of  the  silicates:  Bull.  U.  S.  Oeol.  Survey  No.  125,  1895,  p.  81, 
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The  mineral  is  easily  decomposed  by  hydrochloric  acid.  Certain  anal- 
ogies can  be  noted  between  heulandite  and  gyrolite,  and  from  this  and 
the  properties  of  the  mineral,  as  far  as  known,  the  writer  believes 
gyrolite  to  be  monoclinic.  Heddle  says  in  connection  with  some  plane 
angles  he  measured  on  gyrolite  from  Scotland:  "The  above,  as  far  as 
it  goes,  seems  to  show  gyrolite  to  be  oblique,  and  near  heulandite  in 
form." 
The  foi-mulce  of  the  two  minerals  are  also  similar. 

Gyrolite 6SiO,.  4CaO.  5H,0. 

Heulandite 6SiO,.  Al,0,.    CaO.  5H/). 

6,  APOPHYIililTE. 

With  the  gyrolite  were  found  a  number  of  specimens  of  clear,'trans- 
parent,  but  very  minute  crystals  of  apophyllite.  The«e  are  usually 
less  than  1  mm.  thick  and  show  only  the  base,  prism  of  the  second 
order,  and  the  unit  pyramid  of  the  first  order.  Some  years  ago  a 
specimen  was  obtained  here  on  which  the  apophyllite  crystals  have 
been  changed  to  quartz.  As  they  proved  to  be  infusible,  a  more 
extended  investigation  of  them  was  made. 

The  crystals,  from  1  to  3  mm.  in  diameter,  appear  cubic,  with  the 
corners  truncated  by  small  faces.  Measurements  of  the  best  crystals 
showed  that  they  are  tetragonal  and  that  they  agree  in  angles  with 
those  of  apophyllite.  The  prism  faces  are  vertically  striated  and  faces 
of  the  other  two  forms  are  also  rarely  somewhat  striated. 

By  trial  it  was  found  that  hydrochloric  acid  does  not  attack  the 
crystals,  so  that  the  associated  calcite  was  easily  removed  and  pure 
material  for  analysis  was  obtained.  The  crystals  are  opaque,  and  no 
optical  determinations  could  be  made. 

The  analj^sis  gave  the  following  figures,  showing  that  the  crystals 
are  now,  chemically,  essentially  silica  with  various  impurities: 

SiOj 90.58 

AlA 1.68 

CaO : 1.87 

MgO 2.20 

H,0 4.32 

100.55 
7-    TKZJjVRVrE. 

Several  small  crystals  of  tellurite  were  referred  to  the  writer  by 
Doctor  Hillebrand.  Their  locality  is  the  W.  P.  H.  mine.  Cripple 
Creek,  Colo.  The  crystals  are  transparent  yellow  and  reach  a  length 
of  about  2  mm.  They  are  thin  tabular  parallel  to  the  brachypinacoid. 
This  form  is  normal  to  a  bisectrix,  and  the  axial  plane  is  parallel 
to  a  (100). 
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The  crystals  show  numerous  vicinal  faces,  which  are  here  not  given. 
The  forms  which  were  established  are** 

J={010},  r={l2i)},  ♦A={520},  *l={210},  j}={lll}. 

The  angles  measured  are: 


Measured 


h=0\0 

r=120 

A  =  520 

/=210 

p  =  U\ '       65    47 


o  / 

0  00 

47  34 

79  30 

77  17 


cd. 

P- 

o 

, 

90 

00 

90 

00 

90 

00 

90 

00 

48 

14 

Calculated. 


0 

00 

90 

00 

47 

30 

90 

00 

79 

37 

90 

00 

77 

06 

90 

00 

65 

23 

48 

16 

The  two  new  forms,  A  and  /,  gave  the  following  measurements: 


/i=|520j. 


MeaMured,   |  (Calculated, 


CryntalNo.  1 79  01 

Di) 79  19 

Crystal  No.  2 79  14 

Crystal  No.  4 [  80  59 

Do !  79  02 

Do !  79  26 

I 


I 


79    37 


On  crystals  Nos.l  and  4  the  faces  are  very  nar- 
row, while  on  crystal  No.  2  they  are  much  broader. 
The  reflections  were  fairly  good. 


;=;2io;. 


I  Measured, 


Calculated, 


Crystal  No.  3. 
iKj 


77     21    \ 
77     12  ) 


06 


Pig.  9.— Tellurite. 


The  faces  were  both  narrow  and  the  reflections  were  rather  poor. 

It  seems  to  the  writer  that  the  axial  ratio  as  given  by  Dana  should 
be  preferred  to  that  of  Goldschmidt,  who  doubles  both  the  a  and  c 
axes.     This  would  make  the  (only)  terminal  form  the  unit  pyramid, 


o  Dana's  letters  and  indices. 
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while  the  forms  in  the  prism  zone  have  as  simple  indices  in  one  case 
as  in  another,  as  can  be  seen  from  the  following  table. 


Dana. 

sehmidt. 

Dana. 

Gold- 
schmidt. 

6 

010 
110 
120 
140 

010 
210 
110 
120 

h 

520 
210 
111 

510 

7/1 

/ 

410 

r 

p 

212 

8 

8.  PREHNITE. 

A  mineral  from  Lower  California,  sent  by  G.  F.  Kunz  for  determi- 
nation, proved  to  be  prehnite.  The  analysis  gave  the  following 
results: 

SiO, 43.48 

AlA 24.62 

Fe^Oa 34 

CaO 27.19 

H,0 4.49 

100.02 
Specific  gravity 2.90 

9.  HORNBLENDE. 

Coating  the  walls  and  projecting  into  the  amygdaloidal  cavities  of  a 
lava  from  Mono  County,  Cal.,  were  noted  small  crystals  of  hornblende, 
tridymite,  and  biotite.  The  locality  of  the  rock,  which  was  kindlj- 
furnished  by  Mr.  Maynard  Bixby,  of  Salt  Lake  City,  is  given  as  8 
miles  west  of  Bridgeport,  Mono  County,  Cal.  The  hornblende  and 
tridymite  occur  in  sharp  crystals,  of  which  a  few  were  measured. 

Biotite  occurs  abundantly  as  small  hexagonal  plates,  which,  under  the 
microscope,  show  at  times  a  zonal  banding  in  color,  the  darker  being 
on  the  outside.     The  axial  angle  is  very  small — at  times  uniaxial. 

The  hornblende  occurs  as  long  prismatic  crystals,  l>ecoming extremely 
acicular  and  hairlike  at  times.  It  is  often  grouped  in  radiating  bunches 
and  again  occurs  in  single  prisms.  Their  maximum  thickness  is  about 
one-half  millimeter,  and  in  length  they  reach  not  over  5  mm.  Under 
the  microscope  the  pleochroism  is  in  shades  of  brown.  The  maximum 
extinction  was  15^. 
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Two  terminated  crystals  of  measurable  size  showed  the  following 
forms:  c={00l},  J={010},  a={lOO},  m={110},  ^={201},  2={02l}, 
/={T31}. 


c  =001 
b  =010 
a  =  100 
m=110 
t  =201 
2  =021 
i  =  T31 


Measured. 


*. 


o  / 

90  25 

0  00 

90  14 

62  08 

90  03 

24  32 

18  18 


14  57 

90  00 

90  00 

90  00 

40  36 

32  50 

42  45 


Calculated. 


I 

o    /   I 

90  00  I 
0  UO 


90  00 

62  05 

90  00 

24  28 

18  03 


14  58 

90  00 

90  00 

90  00 

40  05 

32  50 

42  49 


Crystal  No.  1  shows:  a,  6,  c,  m,  ty  z,  i. 
Crystal  No.  2  shows:  o,  6,  — ,  m,  — ,  z 


10.  TRIDYMITE. 


Small  hexagonal  plates  of  tridymite,  1  mm.  in  diameter  and  rarely 
larger,  are  i^ather  plentiful  in  places.  The  forms  present  on  two 
crystals  which  were  partially  measured  are  <?={000l},  m={lOlO}, 
/={3250},  /={5490},  r={3034{,  /=}1012}.  The  first  crystal  measured 
was  a  twin. 


Measured. 

o 

/ 

35 

06 

90 

02 

23 

20 

26 

39 

54 

48 

43 

54 

Calculated. 

o  / 

35  18 

90  00 

23  25 

26  20 

55  03 

43  39 


11.  ZIXXWAL.DITE. 

The  occurrence  of  this  lithia  mica  has  already  been  mentioned  by 
Collier,**  who  has  very  kindly  furnished  the  writer  the  numerous  sam- 
ples collected.  He  gives  as  the  exact  locality:  On  Cassiterite  Creek 
(extension  or  branch  of  Lost  River),  5  miles  from  the  coast  and  8  miles 

«ColUer,  A.  J..  The  Un  depoidts  of  the  York  region,  Alaska:  Bull.  U.  S.  Geol.  Survey  No.  229,  p.  20. 
Bull.  262—05 ^9 
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east  of  Cape  York,  Alaska.  It  is  stated  to  occur  in  a  vein  cutting 
through  limestone.  The  lx>wlders  showing  the  zinnwaldite  are  float, 
and  in  some  of  these  there  is  a  vein,  about  a  centimeter  thick,  consist- 
ing ahuost  entirely  of  zinnwaldite.  Others  show  the  zinnwaldite 
scattered  through  massive  quartz.  Cassiterite  is  associated  with 
both  modes  of  occurrence.  As  further  associations  Collier  mentions 
fluorite,  feldspar,  calcite,  tourmaline,  topaz,  pyrite,  garnet,  galena, 
wolfmmite,  and  malachite. 

The  zinnwaldite  has  a  !)rown  color,  and  occurs  massive  without  any 
crystal  !)oundaries.  It  fuses  easily  to  a  black  mass,  coloring  the  flame 
crimson.  An  incomplete  quantitative  analysis  showed  that  the  min- 
eml  is  undoubtedl}^  zinnwaldite.  The  small  dikes  before  mentioned 
are  bordered  on  one  side  by  a  rim  of  blackish  green  mica.  This  rim 
is  about  1  mm.  wide  and  is  well  developed  only  on  one  side  of  the 
dike,  though  it  is  present  on  the  other  side  in  smaller  amount.  Under 
the  microscope  the  rim  has  a  green  and  brown  color  and  is  uniaxial 
nearest  the  limestone,  but  the  axial  angle  increases  as  the  zinn- 
waldite is  approached.  In  many  places  the  two  micas  are  intergrown. 
The  difference  in  color  from  the  green  to  the  almost  colorless  zinn- 
waldite is  very  marked.  The  green  mica  is  probably  biotite,  possibly 
somewhat  altered  to  chlorite.  Further  description  of  the  zinnwaldite 
is  deferred  for  a  later  paper.  Of  the  associated  minerals,  cassiterite 
and  tojiaz  occur  in  small  crystals,  a  brief  description  of  which  follows. 
The  association  of  cassiterite,  topaz,  and  zinnwaldite  is  also  note- 
worthy. 

12.  CASSITERITE. 

The  crystals  of  cassiterite  vary  in  size,  ranging  from  a  thickness  of 
less  than  1  mm.  to  several  cm.  The  large  ones  are  opaque  and  black; 
the  smaller  ones  are  usually  transparent  and  light  brown  in  color, 
!)ecoming  nearly  colorless  at  times.     Twins  are  very  common. 

The  large  crystals  usually  show  the  simple  combination  of  rt={lO()}, 
?/^={llO},  ('-{on},  *  =  {lll},  while  the  smaller  ones  usually  are  more 
complex.  Two  such  small  ones  were  measured,  the  first  one  a  simple 
crystal,  the  second  a  twin.  The  forms  noted  are:  a={l()0},  ;y^  =  {llO}, 
^^={340},  ^={570}^  /•={i>30},  //-^{120},  ^={()ll},  ^={111},/=  {231},  and 
the  new  prism  /={l4o}. 
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The  following  are  the  measured  angles: 
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Measured. 

Calculated. 

*. 

p. 

*. 

p- 

o    / 

o 

/ 

o 

/ 

o    / 

0  00 

90 

00 

0 

00 

90  00 

45  00 

90 

00 

45 

00 

90  00 

36  36 

90 

00 

36 

52 

90  00 

35  48 

90 

00 

35 

32 

90  00 

33  37 

90 

00 

33 

41 

90  00 

26  30 

90 

00 

26 

34 

90  00 

13  56 

90 

00 

14 

02 

90  00 

0  03 

33 

48 

0 

00 

33  54 

45  01 

43 

35 

45 

00 

43  33 

1   33  46 

67 

39 

33 

41 

67  35 

a=100 

m  =  110 

lrr=340 

^=570 

r=230 

/i=120 

/=140 

^=011  

11=111  

/=231  1      33    46 

The  prism  Z={140}  was  noted  three  times  as  a  narrow  face,  meas- 
urements of  which  gave  the  following  values  for  the  ^  angle: 

o        / 
13    49 

13  19 

14  40 

The  dominant  terminal  form  is  {ill},  though  {Oil}  becomes  at  times 
•fairly  large.  {231}  occurs  on  crystal  No.  1  as  minute  faces  and  also  as 
long,  narrow  line  faces. 

13.  TOPAZ. 

Two  small  crystals,  about  2  mm.  long,  which  were  measured,  showed 
the  following  fonns:«  J={010},  7/i={ll0},  /={120},  ;r={250},  ^={130}, 
y=:{02l},  /={011},  t/={ll2},  ^={335},  <>={lll}.  The  crystals  were 
rounded  and  broken  and  gave,  on  the  whole,  rather  poor  signals.  The 
measurements  serve,  however,  to  determine  the  foims. 


6=010 
m=110 
/=120 
5r=250 
/7=130 
i/=021 
/=011 
«=112 
/»=335 

0=111 


Measured, 


Calculated. 


o  / 

1  36 

61  59 

43  28 

37  00  ^ 

32  26 

0  38 

0  38 

61  56 

61  42 

63  10 


90  00 

90  00 

90  00 

90  00 

90  00 

61  44 

44  24 

45  39 
50  31 
63  00 


*. 


0  00 

62  08 

43  25  I 

37  07  ' 

32  14  I 

0  00 

0  00  I 

62  *  08 

62  08 

62  08  ! 


90  00 

90  00 

90  00 

90  00 

90  00 

62  20 
43  39 
45  35 
50  46 

63  54 


The  only  terminal  form  on  crystal  No.  1  is  ?/={ll2}. 


a  Goldscbmidt's  orientation,  ciiosen  in  Winkeltabellen. 
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14.  BOURNONrTB. 

An  analysis  of  massive  bournonite  from  Bogg's  mine,  Big  Bug  dis- 
trict, Yavapai  County,  Ariz.,  furnished  for  analysis  by  Prof.  C. 
Palache,  yielded  the  figures  given  below. 

8 20.04 

As 2.81 

8b 18.99 

Pb 40.21 

Cu 15.12 

Fe 35 

Zn 35 

Mn trace 

Insoluble 1.67 

99.54 
16.  ANHYDRITB. 

A  deposit  of  crystallized  anhydrite  occurs  in  Texas,  the  exact  locality 
of  which  is  not  known.  The  crystals  are  small,  reaching  a  maximum 
of  1  mm.  in  length,  and  are  tabular  parallel  to  the  macropinacoid. 

The  base  is  present  as  a  long,  narrow  face. 

^  c  ^^      "^^^  clinopinacoid  is  probably  present,  but 

/  ^^m     the  zone  of  brachydomes  is  very  rounded 

I  a  jM    and  striated,  no  sharp  faces  occurring  in 

V  M^     this  zone.     Under  the  microscope  the  crj's- 

^    _       ^  ^_,  tals  show  that  the  axial  plane  is  parallel  to 

Fig.  10.— Anhydrite.  r  i 

J={010}  and  the  acute  bisectrix  is  normal 
to  a={lOO}.  The  interference  figure  is  about  as  large  as  that  of  mus- 
covite  and  is  positive.  An  analysis  was  made  of  the  mineral,  to  leave 
no  doubt  as  to  its  identity. 

CaO '.: 41.01 

SO, 58.87 

Ign 22 

Insoluble 06 

100.16 
16.  GliAUCODOT. 

A  sample  of  cobalt  ore  from  the  Standard  Consolidated  gold  mine, 
Sumpter,  Oreg.,  consists  of  glaucodot,  with  pyrite  and  perhaps  other 
sulphides,  in  a  dark  silicate  rock.  Imperfect  cr3'stals  are  abundant, 
though  they  usually  show  but  one  or  two  faces.  Much  of  the  ore  is 
massive,  and  it  is  practically  impossible  to  determine  whether  it  is  all 
glaucodot  or  in  part  cobaltite.  One  crystal  was  measured.  The 
small  crystal  (about  1  mm.  long)  is  orthorhombic,  and  shows  the  fol- 
lowing forms:  //i={llO},  5={()10},  ^={101},  and  a  very  much  striated 
brachydome  zone  in  which  the  following  forms  are  probably  present: 
{014},  {013},  {012}. 
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The  following  are  the  angles  obtained: 


138 


h  =010 
w=110 

€  =101 

r  =014 
q  =013 
«  =012 


Meajmred. 

Calcalated., 

*. 

f»' 

*. 

p. 

o          / 

o 

/ 

o         / 

o           / 

0    34 

90 

00 

0    00 

90    00 

56    10 

90 

00 

55    34 

90    00 

90    20 

•      60 

22 

90    00 

60    04 

0    34 

15 

33 

0    00 

16    34 

0    34 

22 

00 

0    00 

21    39 

0    34 

29 

00 

0    00 

30    46 

Many  other  signals  between  these  were  seen  in  the  striated  brachy- 
dome  zone,  but  they  probably  belong  to  no  definite  face. 
The  analysis  gave  the  following  results: 


Ratio. 

\8 

39.84 
18.46 
12.45 
20.23 
9.38 

\ 

0.94 

s 

1.04 

Fe 

eo 

1.02 

Ineol -.-- ,- - 

100.36 

Nickel  and  antimony  were  not  determined,  though  they  were  shown 
not  to  be  present  in  any  quantity.      The 
ratio  of  the  cobalt  to  iron  is  31: 20  or  3: 2, 
so  that  the  formula  may  be  written 


instead  of 


Co,  Fe,  Asj  S5, 

RAsS,  R=(Co,  Fe). 
IT.  PYRITE. 

A  small  group  of  pyrite  crystals  from 
Spanish  Peaks,  Colo.,  kindly  presented  to 
the  writer  by  Mr.  R.  Sargent,  showed,  on  p,o  n.^oiaurodot. 

examination,  a  rich  combination  of  forms, 

especially  in  the  pyritohedral  zone.  The  faces  are  for  the  most  part 
not  striated  and  give  excellent  reflections.  In  size  the  crystals  reach 
a  maximum  of  about  one-half  centimeter  in  diameter.  They  were  so 
closely  crowded  together  that  only  a  small  portion  of  each  crystal 
was  developed;  consequently,  when  the  group  was  broken,  a  few  frag- 
ments showed  only  one  or  two  zones  of  faces. 
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Twenty-five  forms  are  present  on  the  twelve  crystals  measured. 
They  are: 


c=100 

a =470 

yi =1.10.0 

/i=350 

b=180 

C=580 

/=140 

D=570 

a  =130 

I  =340 

e  =120 

^=790 

J5=590 

5=450 

9=112 

4=560 

0=111 

r=670 

u=221 

rf=110 

ar=123 

ir=114 

i>=124 

m=ns 

o)=134 

The  average  of  the  angles  measured  with  the  calculated  angles  are 
shown  in  the  following  table: 


No. 

Letter. 

Symbol. 

Measured. 

Calculated. 

4 

p 

*. 

f 

>. 

o 

/ 

o 

/ 

o 

f 

o 

/ 

1 

C 

100 

90 

00 

90 

00 

90 

00 

90 

00 

2 

A 

1.10.0 

5 

49 

90 

00 

5 

43 

90 

00 

3 

h 

'  180 

7 

08 

90 

00 

7 

08 

90 

00 

4 

f 

140 

14 

03 

90 

00 

14 

02 

90 

00 

5 

a 

130 

19 

06 

90 

00 

18 

26 

90 

00 

6 

e 

120 

26 

34 

90 

00 

26 

34 

90 

00 

7 

B 

590 

28 

59 

90 

00 

29 

03 

90 

00 

8 

a 

470 

29 

30 

90 

00 

29 

45 

90 

00 

9 

h 

350 

31 

04 

90 

00 

30 

58 

90 

00 

10 

C 

580 

31 

59 

90 

00 

32 

00 

90 

00 

11 

D 

570 

35 

17 

90 

00 

35 

32 

90 

00 

12 

% 

340 

36 

5-> 

90 

00 

36 

52 

90 

00 

13 

E 

790 

37 

47 

90 

00 

37 

52 

90 

00 

14 

8 

450  : 

38 

39 

90 

00 

38 

39 

90 

00 

15 

4 

560 

39 

48 

90 

00 

39 

48 

90 

00 

16 

r 

670 

40 

36 

90 

00 

40 

36 

90 

00 

17 

d 

110 

45 

00 

90 

00 

45 

00 

90 

00 

18 

K 

114 

45 

00 

19 

25 

45 

00 

19 

28 

19 

m 

131 

18 

33 

72 

45 

18 

26 

72 

27 

20 

(        112 
I        121 

26 

34 

65 

54 

26 

34 

65 

54 

9 

44 

59 

35 

15 

45 

00 

35 

16 

21 

0 

111 

45 

00 

54 

44 

45 

00 

54 

44 

22 

1        ^^    1 
I         221 

45 

00 

70 

31 

45 

00 

70 

31 

u 

26 

34 

48 

13 

26 

34 

48 

11 

f         123     ' 

26 

35 

36 

40 

26 

34 

36 

42 

23 

X 

132 

18 

31 

57 

40 

18 

26 

57 

41 

I        231 

33 

42 

74 

30 

33 

41 

74 

30 

24 

* 

124 

26 

20 

28 

40 

26 

.34 

29 

12 

25 

(U 

134 

18 

18 

39 

37 

18 

26 

;« 

19 
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Of  the  pyritohedrons  /  is  the  dominant  form  and  is  always  well 
developed  in  large  broad  faces,  e^  d^  S^  y  occur  quite  frequently  as 
smaller  faces,  while  b,  f^  a,  a,  A,  are  rarely  present  as  very  narrow 
faces,  c  is  also  narrow  but  never  striated,  always  giving  perfect 
reflections.  The  dodecahedron,  d^  is  usually  somewhat  uneven.  The 
octahedron,  o^  and  q^  i/,  and  x  occur  commonly,  while  ^,  m,  ^,  co  were 
observed  but  once  each. 

18.  VANADrNlTE. 

A  specimen  of  vanadinite,  doubtless  from  Yuma  County,  Ariz., 
shows  a  few  crystals  that  possess  a  large  number  of  forms.  The 
crystals  are  3  mm.  long  and  2  mm.  thick,  and  present  the  usual 
appearance  and  ha!)it  of  vanadinite.  The  zone  c  m.  is,  however,  very 
rich  in  forms.  A  number  of  vicinal  forms  were  encountered  that 
seem  characteristic  of  the  particular  specimen.  Sometimes  the  crys- 
tals arp  broken,  or  an  apparently  simple  crystal  may  be  composed  of 
several  ones  not  strictly  in  parallel  position.  In  such  cases,  each 
zone  c  w  was  carefully  adjusted  by  itself  and  the  angles  were  measured. 
A  continuous  line  of  signals  was  practically  never  encountered,  each 
face  l)eing  distinct  and  giving  a  sharp  signal. 

The  forms  observed  are  quoted  below. 


Known  forms: 

Known  forms — Cont; 

inued.    New  forms — Cont 

r=0001 

z=3031 

A'=11.0.n.3 

«=ioTo 

;r=4041 

X= 10.0. 10.1 

/>=1120 

«=n2i 

Vicinal  forms: 

/i=2130 

t'=112^ 

26.0.26.25 

^=3140 

t=2131 

43.0.43.40 

d=10T3 

$=4154 

19.0.T9.10 

r=1012 

/=3252 

15.0.T5.7 

r=10Tl 

New  forms: 

Doubtful  forms: 

5=5054 

rf=5:^ 

ii=11.0.TT.10 

r=4043 

ib=3034 

7?=9095 

«=3032 

0=7076 

i>=9094 

/?=506.3 

u=7075 

E=8083 

y=2021 

^=7074 

0  =  10.0.10.3 

7=5052 

ir=7072 

F=11.0.ir.4 
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The  measured  and  calculated  angles  for  all  these  forms  are: 


No/ 

Letter. 

Symbol. 

Measured. 

Calculated. 

~- 

Miller. 

*. 

/>• 

*. 

p. 

o 

/ 

o 

/ 

o 

/ 

o    / 

1 
2 

c 
a 

0001 
lOTO 

0 
90 

00 
00 

0  00 
90  00 

0 

00 

0 

00 

3 

b 

1120 

30 

00 

90 

00 

30 

00 

90  00 

4 

h 

2130 

19 

09 

90 

00 

19 

06 

90  00 

5 

9 

3140 

13 

54 

90 

00 

13 

54 

90  00 

6 

d 

5380 

21 

34 

90 

00 

21 

47 

90  00 

7 

6 

1013 

0 

00 

15 

23 

0 

00 

15  20 

8 

r 

10T2 

0 

00 

22 

22 

0 

00 

22  21 

9 

k 

3034 

0 

00 

31 

44 

0 

00 

31  40 

10 

X 

lOll 

0 

00 

39 

29 

0 

00 

39  26 

11 

— 

26. 0. 26. 25 

0 

00 

40 

26 

0 

00 

40  32 

12 

— 

43. 0. 43. 40 

0 

00 

41 

29 

0 

00 

41  29 

13 

n 

ll.O.TI.  10 

0 

00 

42 

16 

0 

00 

42  08 

14 

0 

7076 

0 

00 

43 

54 

0 

00 

43  49 

15 

6 

5054 

0 

00 

'45 

47 

0 

00 

45  47 

16 

r 

4043 

0 

00 

47 

37 

0 

00 

47  38 

17 

u 

7075 

0 

00 

49 

05 

0 

00 

49  01 

18 

a 

3032 

0 

00 

50 

53 

0 

00 

50  58 

19 

P 

5053 

0 

00 

54 

02 

0 

00 

53  53 

20 

A 

7074 

0 

00 

55 

13 

0 

00 

55  12 

21 

B 

9095 

0 

00 

56 

09 

0 

00 

55  57 

22 

— 

19. 0. 19. 10 

0 

00 

57 

24 

0 

00 

57  23 

23 

y 

2021 

0 

00 

58 

42 

0 

00 

58  42 

24 

— 

15. 0. 15.  7 

0 

00 

60 

25 

0 

00 

60  25 

25 

D 

yuri4 

0 

00 

61 

42 

0 

00 

61  37 

26 

9 

5052 

0 

00 

63 

43 

0 

00 

64  03 

27 

E 

808:^ 

0 

00 

65 

30 

0 

00 

65  29 

28 

F 

11.0.  IT.  4 

0 

00 

66 

10 

0 

00 

66  09 

29 

c 

3031 

0 

00 

67 

52 

0 

00 

67  56 

30 

G 

10. 0.  lO.  3 

0 

00 

69 

53 

0 

00 

69  57 

31 

H 

7072 

0 

00 

70 

57 

0 

00 

70  50 

32 

K 

11.0.  IT.  3 

0 

00 

71 

38 

0 

00 

71  39 

33 

It 

4041 

0 

00 

73 

04 

0 

00 

73  05 

34 

L 

lO.O.TO.l 

0 

00 

83 

09 

0 

00 

83  04 

35 

8 

1121 

30 

15 

54 

40 

30 

00 

54  55 

36 

V 

1122 

29 

54 

35 

22 

30 

00 

35  27 

37 

i 

2131 

19 

02 

65 

11 

19 

06 

65  19 

38 

4 

4154 

10 

56 

41 

49 

10 

53 

43  17 

39 

I 

3252 

20 

38 

60 

03 

23 

25 

60  50 
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Following  is  a  short  description  of  the  new  forms,  the  p  angle  only 
being  given  for  the  pyramids,  ^  being  0*-^  00'. 

rf={538o}:  Four  faces  of  this  new  prism  were  noted,  always  as  line 
faces. 

o         /  o         / 

Meas.  0....21     20        Calc.  0....21    47 
33 
37 

48 

^={3034}:  Only  two  faces  of  this  form  are  present,  both  on  the 
same  crystal.  The  faces,  though  narrow,  are  broader  than  many  of 
the  others,  and  gave  fairly  good  reflections. 

o  /  o  / 

Meas.... 31    45        Calc....31    40 
43 

{26.0.26.25}:  This  and  the  following  form  are  doubtless  vicinal  to 
{lOll},  though  they  both  occur  a  number  of  times.  This  one  is  pres- 
ent on  four  crystals,  and  the  measurements  show  the  following  values: 


39°     26' 


{43.0.43.40}:   This  vicinal   form  is   present  on  three  crystals  and 
occurs  nine  times.     The  faces  are  small  and  the  reflections  fair. 

o    /  o    /  . 

Meas....  41  24    Calc...  41  29 

30    Calc.  for  [lOlll,  39°  26^. 

32 

16 

24 

35 

26 

35 

37 

n— {ll.O.Tl.lO}:  This  form  occurs  on  two  crystals.     The  faces  are 
narrow  and  the  reflections  but  fair. 

o         /  o         / 

Meafl-...  42    24        Calc...  42    08 
20 
04 


[eas..-.40    24 

Calc... 40    32 

26 

Call!,  for  llOll! 

36 

25 

19 

25 

The  form  can  be  only  classed  as  doubtful. 
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o={7076}:  Occurring^  on  three  crystals,  the  following  angles  were 
measui^d: 

o         /  o         / 

Meas.,..  43    24        Calc...  43    49 
53 
44    06 
14 

t^={7075}:  The  reflections  from  the  very  narrow  faces  of  this  form 
were  poor. 

o         /  o         / 

Meas....  49    17        Calc...  49    01 
16 
48    42 

^={7074}:  This  is  the  most  prominent  of  the  new  forms,  and  occurs 
ten  times  as  (relatively)  broad  faces  on  four  crystals.  The  reflections 
were  usually  fairly  good. 

Of  o  / 

Meaa....  54  52  Calc...  55  12 
49 
52 
48 
55  35 
11 
38 
12 
24 
17 

^={9095}:  A  very  doubtful  form,  present  as  very  narrow  faces 
giving  poor  reflections. 

o  /  o  / 

Meas 56    18        Calc 55    57 

05 

{19.0.T9.10}:  Another  vicinal  form,  doubtless  vicinal  to  {2021|. 

o    /  o    / 

Meas....  56  59   Calc...  57  23 

57  18 

18    Calc.  for  { 2021 1,  58°  42' 

30 

19 

C=  {16.0. Is. 7}:  Another  vicinal  form  occurring  on  three  crystals. 

o         /  o         / 

Meas 60    13        Calc 60    25 

38 
24 

i)={90S4}:  A  doubtful  form  present  on  one  crystal. 

o        /  o        / 

Meaa....  61    53        Calc...  61    37 
30 
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^=r{808a}:  A  very  doubtful  form. 


o        /  o        / 

Meas....  65    30        Calc...  66    29 
65 


J^={11.0.11.4}:  A  doubtful  form. 


o        /  o        / 

Meas....  66    01        Calc...  66    09 
19 


G^={10.0.10.3}:  A  doubtful  form. 


o        /  o        / 

Meas....  69    54        Calc...  69    57 


lf=  \7072}:  Though  occarring  but  once  as  a  small  face,  it  gave  a 
fairly  fiw>d  reflection. 

o        /  o        / 

Meas 70    57        Calc 70    50 

jr={ll. 0.11.3}:  Two  faces  of  this  form  were  noted. 

o         /  o        / 

Meas....  71    41        Calc...  71    39 
36 

Z={10.0.10.1}:  Two  faces  of  this  form  are  present  on  one  crystal. 

o         /  o         / 

Meas..,.  82    56        (^Ic...  83    04 
83    21 

The  average  value  obtained  for  jt>o  is  0.8223. 

19.   GliOBUIiAR  liEPIDOIilTE. 

Text-books  on  mineralogy  do  not  mention  the  globular  form  for  the 
litbia-mica  lepidolite.  Such  globular  forms  have  long  been  known  for 
muscovite,  and  in  fact  are  by  no  means  uncommon  for  that  species. 
While  studying  the  literature  of  lepidolite  ip  general  two  occasions 
were  noted  in  which  globular  lepidolite  was  spoken  of. 

One  was  by  vom  Rath**  in  describing  the  lithia  deposits  of  the  island 
of  Elba.  On  page  649  he  says:  ''  Zuweilen  sind  die  (lepidolite)  Blfttter 
zu  Kugeln  gruppirt" — at  times  the  (lepidolite)  plates  are  grouped  in 
spheres  (= globular). 

The  second  mention  was  found  in  Hamlin's*  book  on  Mount  Mica, 
Paris,  Me.,  in  which  he  says: 

On  November  20,  1822,  E.  L.  Hamlin  sent  to  Professor  Silliman,  at  Yale  College, 
a  box  of  minerals  from  the  locality,  with  letters  and  catalogue  as  follows:  «  «  *. 
In  the  catalogue  Mr.  Hamlin  mentions  lilac-colorecl  mioa  as  found  in  small  globular 
concretions. 

A  large  specimen  of  the  pegmatite  rock  in  front  of  Mr.  Bowker's 
l)arn,  at  Mount  Mica,  shows  a  number  of  these  spheres  of  lepidolite, 

a  Vom  Rath.  G.,  Die  Innel  Elba:  Zeitschr.  d.  d.  geol.  Qea.,  vol.  22, 1870,  p.  649. 
6 Hamlin.  A.  C.  The  Hi«tor>'  of  Mount  Mica,  pp.  16-17. 
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several  centimeters  in  diameter.  At  Auburn,  Me.,  several  specimens  of 
globular  lepidolite  were  found  in  the  summer  of  1904  by  Mr.  Wade, 
working  on  Pulcifer's  ledge  on  Mount  Apatite.  Some  of  these  were 
fairly  large,  one  such  specimen  (by  no  means  the  largest)  collected  by 
the  writer  being  6  cm.  in  diameter  and  2i  cm.  thick.  Here,  at  Mount 
Apatite,  this  globular  form  of  lepidolite  is  abundant  and  forms  one  of 
its  characteristic  phases.  It  often  has  a  whitish  border  (a  few  milli- 
meters thick)  of  some  undetermined  mineral  (probably  a  mica)  sur- 
rounding it. 

20.  I.IBETHENITE. 

Some  minute  crystals  of  libethenite,  about  a  millimeter  in  diameter, 
from  Yerington,  Lyon  County,  Nev.,  proved  to  be  well  adapted  for 
measurement.  As  the  symmetry  of  the  mineral  has  been  regarded  as 
orthorhombic  by  some  writers  and  monoclinic  by  others,  it  was  hoped 
that  the  measurement  of  these  crystals  might  contribute  something  to 
the  question.  The  results  have  been  very  satisfactory  and  show  that 
the  crystals  measured  are  orthorhombic  and  not  monoclinic. 

The  crystals  were  collected  by  Mr.  D.  Smith,  to  whom  the  writer  is 
under  obligations  for  the  material  investigated.  Qualitative  chemical 
tests  showed  the  presence  of  copper,  phosphoric  acid,  and  water. 

Some  time  after  these  measurements  were  made  an  article  by  Melc- 
zer<»  appeared  on  the  symmetry  and  form  of  libethenite,  in  which  he 
came  to  the  same  conclusion  as  the  writer  in  regard  to  the  symmetry 
of  the  mineral,  his  conclusion  being  based  on  a  large  number  of  meas- 
urements of  Cornwall  crystals.  There  can  therefore  hardly  be  any 
more  question  as  to  the  orthorhombic  character  of  libethenite. 

The  crystals  measured  are  minute,  less  than  a  millimeter  in  diam- 
eter, but  well  formed,  and  the  faces  usually  give  very  good  and  sharp 
signals.  As  the  unit  prism  is  present  on  all  crystals,  they  were  easily 
adjusted  in  true  polar  position  and  could  be  quickly  and  accurately 
measured  with  the  two-circle  goniometer. 

Under  the  microscope  the  crystals  always  extinguish  parallel  to  the 
crystallographic  axes.  No  phenomena,  such  as  twinning  structure  or 
twinning  lamellae,  could  l>e  observed,  either  under  the  microscope  or 
on  the  goniometer. 

Seven  of  the  most  perfect  crystals  were  removed  from  the  matrix 
and  measured.  The  forms  observed  are:  5={010},  ?/f={llO},  *A={540}, 
(^={310},  *Z={410},  ^={011},  ^={101},  {«=111}. 

a  Melczer,  G.,  Ueber  Libethenite:  Zeit.  f.  Kryst.,  vol.  39, 1904.  p.  288. 
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The  angles  measured  and  calculated"  for  the  eight  forms  given  are: 


Symbol. 

Measured. 

Calcu 

No. 

Letter. 

Miller. 

*. 

p- 

*. 

o    / 

o 

/ 

o   . 

1 

b 

010 

0  01 

90 

00 

0  00 

2 

m 

110 

46  11 

90 

00 

46  10 

3 

h 

540 

52  26 

90 

00 

52  28 

4 

S 

310 

71  46 

90 

00 

72  15 

6 

I 

410 

77  02 

90 

00 

76  30 

6 

e 

Oil 

0  00 

35 

03 

0  00 

7 

d 

101 

89  56 

36 

11 

90  00 

8 

8 

111 

46  11 

45 

22 

46  10 

90  00 

90  00 

90  00 

90  00 

90  00 

35  04 

36  10 
45  23 


Besides  these  the  prism  t  —  {'210}  seems  to  be  present  on  one  crys- 
tal, though  the  reflection  was  very  poor  and  the  measured  angle 
varies  several  degrees  from  the  calculated 
value. 

Measured  (^),  61^  55',  calculated  (^), 
64°  21'. 

The  new  prism  A ={540}  occurs  but 
once,  giving  a  fair  reflection. 

The  new  prism  /={410}  occurs  five 
times,  once  as  a  broad  face  and  the  other 
times  as  a  narrow  face. 

Goldschmidt  does  not  give  the  form 
rf={l0l}in  his  Winkeltabellen,  but  Melc- 
zer  gives  the   form  as  present  on   his 
crystals,  and  it  also  occurs  as  long,  narrow  faces  on  the  crystals  meas- 
ured by  the  writer. 

In  habit  the  crystals  differ  somewhat  from  that  shown  in  Dana's  sys- 
tem, inasmuch  as  on  the  Nevada  crystals  the  pyramid  s  is  large,  equal 
in  size  to  the  brachydome,  thus  making  the  prism  faces  subordinate  in 
size.     The  general  appearance  of  these  crystals  is  shown  in  fig.  12. 

a  Calculated  angles  taken  from  Winkeltabellen. 


Fio.  12.— Libethenlte. 
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The  combiBations  observed  are  shown  in  the  following  table: 


Crystol 

b 

m 

h 

s 

I 

e 

d 

8 

1 

— 

m 

— 

— 

— 

e 

— 

2 

6 

m 

— 

— 

— 

e 

— 

3 

b 

m 

— 

8 

I 

e 

d 

4 

b 

m 

— 

— 

— 

e 

d 

5 

b 

m 

— 

— 

I 

e 

d 

6 

b 

m 

— 

— 

— 

e 

— 

7 

b 

m 

h 

— 

I 

e 

— 

From  all  the  good  measurements,  27  values  for  po  and  24  values  for 
qo  were  calculated,  the  average  values  being 

Po=.7308 
qo=.7014, 

which  agree  very  closely  with  those  given  by  Goldschmidt,  namely: 

Po=.7311 
qo=.7019. 

The  vaJues  obtained  for  po  and  qo  are  as  follows: 


p.. 

q«. 

values.     M^„»|f- 

Values. 

Measure- 
ments. 

.7295 
.7297 
.7301 
.7302 
.7303 
.7304 
.7305 
.7308 
.7309 
.7312 
.7314 

.  7:ii6 

.7319 
.7321 

2  1 

2 

1 

1  ■ 
3 
3 
1 

1 
3 
2 
3 
2 
2 

.6993 
.7002 
.7004 
.7005 
.7010 
.7011 
.7014 
.7016 
.7018 
.7021 
.7022 
.7026 
j      .  7028 
i      .7034 

2 
3 
2 
1 
1 
3 

1 
2 
1 
2 
2 
2 
1 

Av.,  .7308     27 

Av.,  .7014  '    24 

'           1 
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The  difference  in  the  ^  and  9  angles,  for  the  forms,  calculated  from 
the  two  values,  differ  not  more  than  a  minute. 
The  average  value  obtained  by  Melczer  is 

Po=.7309 
qo=.7027. 

Taking  the  average  of  all  three  sets  of  values,  we  have 


p.- 

Qo. 

.7308 
.7311 
.7309 

.7014 
.7019 
.7027 

Av.,  .7309 

Av.,  .7020 

The  axial  ratio  for  libethenite  then  becomes 
a:b:c  =  . 9606:1:. 7020. 

21.  CRYSTALIiOGRAPHY  OF  liEPIDOUTB. 

A  group  of  lepidolite  crystals  was  collected  by  the  writer  in  the 
summer  of  1904  at  a  gem  mine  about  4  miles  east  of  Ramona,  on  the 
stage  road  from  Ramona  to  Julian,  San  Diego  County,  Cal.  The 
mine  was  opened  and  worked  for  its  gems,  such  as  topaz,  tourmaline, 
garnet,  etc.  With  these  are  associated  quartz,  orthoclase  in  good 
crystals  at  times  several  feet  long,  muscovite,  and,  rarely,  lepidolite. 
The  minerals  in  question  all  occur  in  the  loose  dirt,  filling  "pockets" 
in  a  pegmatite  dike. 

The  specimen  of  lepidolite  under  consideration  consists  of  a  group 
of  intergrown  crystals  which  often  reach  large  size.  The  gi'oup  itself 
is  about  5  cm.  thick  and  the  individual  crystals  measure  about  1  cm. 
across  the  base,  though  crystals  with  a  diameter  of  2  cm.  are  not  rare. 
The  crystals  are  also  proportionally  thick,  the  average  being  from  2  to 
4  mm.,  though  a  few  are  somewhat  thicker.  They  are  transparent 
and  of  a  very  pale  pink  color,  and,  in  the  direction  normal  to  the  ver- 
tical axis  and  parallel  to  the  base,  of  a  slightly  deeper  tint.  They  fuse 
ea.sily  to  a  white  enamel,  coloring  the  flame  an  intense  crimson.  The 
.side  faces  are  usually  plane,  not  rounded  nor  striated,  and  of  a  brilliant 
polish,  giving  excellent  signals.  It  is,  however,  extremely  diflBcult  to 
secure  a  complete  crystal  from  the  group  owing  to  the  perfect  basal 
cleavage,  which  will  cause  a  crystal  to  split  into  a  number  of  layers. 
This  will  also  at  times  cause  part  of  a  crystal  to  become  slightly  dis- 
placed. In  consequence  of  this  diflBculty  most  of  the  crystals  meas- 
ured are  only  parts  of   the  original  crystals,  and  two  such  pieces 
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measured  as  separate  crystals  may,  in  reality,  be  parts  of  one  and  the 
same  crystal. 

As  may  be  expected,  the  crystals  of  lepidolite  are  similar  to  those 
of  muscovite.  They  also  show,  however,  some  marked  diflFerences. 
The  interfacial  angles  are  nearly  the  same  and  the  crystals  are  natur- 
ally referred  to  the  same  axes  as  muscovite.  There  are  three  marked 
differences  between  these  crystals  and  those  of  muscovite:  (1)  The 
rarity  of  twins,  only  one  being  found  in  twenty-one  crystals;  (2)  the 
absence  of  the  characteristic  face  of  muscovite,  M  =  {221};  and  (3)  the 
presence  of  the  a  face  {lOO},  occurring  on  10  out  of  21  crystals.  The 
crystals  are  not  so  striated  as  the  green  North  Carolina  muscovites, 
for  instance,  and  in  many  cases  the  faces  yielded  perfect  signals. 

The  common  forms  arc  c  =  {OOl},  i  =  {OlO},  a  =  {lOO},  e  =  {023}, 
o  =  {112},  M  =  {Tll}^  ai^d  X  =  {l3l}.  Besides  these  the  following  have 
been  determined:  iV^={26l},  z  ={132},  Z  =  {130},  and  possibly  several 
others,  as  {223},  {221},  {112};  also  a  number  of  forms  which  occur  for 
the  most  part  as  broad  faces,  giving  good  reflections,  but  having 
anomalous  indices,  and  which  need  further  study. 

The  most  frequent  combination  \s  ci  o  u  a?,  after  which  comes  cb  o 
uxea.  Whenever  the  angle  (001): (010)  could  be  accurately  measured 
it  was  found  to  be  exactly  90^  00'  in  every  case,  and  the  distribution 
of  the  faces  also  indicates  monoclinic  symmetry. 

It  was  noticed  that  the  angle  between  the  same  forms  varied  slightly 
on  different  crystals.  The  faces  were  smooth  and  highly  polished,  and 
the  angles  €ould  easily  be  measured  with  an  error  not  greater  than  1'. 
It  is  suggested  that  this  variation  is  real,  and  is  due  to  the  fact  that 
lepidolite  is  an  isomorphous  mixture  of  two  end  products,  and  as  the 
ratio  of  these  two  products  varies,  the  crystal lographic  and  physical 
properties  of  the  mineral  also  vary.  Further  study  on  the  possible 
correlation  of  the  various  properties  of  the  mineral  is  under  way. 

This  lepidolite  belongs  to  the  ''second  class"  of  Tschermak  or  the 
''brachy diagonal  class"  of  Scharizer— i.  e.,  the  axial  plane  is  parallel 
to  the  clinopinacoid  and  not  normal  to  it.  The  trace  of  the  axial  plane 
was  always  parallel  to  one  arm  of  the  percussion  figure. 

The  above  is  only  a  brief  preliminary  statement.  The  detailed  crys- 
tallography of  the  mineral  will  soon  be  published  in  a  paper  on  the 
mineralogy  of  this  entire  field  of  lithium  minerals  in  southern  Calif  ornia. 

The  writer's  thanks  are  due  Mr.  Dan  Mcintosh,  jr.,  of  Ramona,  the 
owner  of  the  mine. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  States  Geological  Survey, 

Washington^  D.  C.^  February  15 ^  1905. 
Sib:  I  transmit  herewith  a  report  by  Mr.  C.  W.  Purington  on 
Methods  and  Costs  of  Gravel  and  Placer  Mining  in  Alaska,  and  rec- 
onunend  its  publication  as  a  bulletin. 

Placer  mining  in  Alaska  is  affected  by  conditions  which  are  not 
combined  in  any  other  field  familiar  to  American  miners.  Hence  new 
methods  of  operating  must  be  substituted  for  those  which  are  employed 
in  other  regions  if  the  greatest  success  is  to  be  obtained.  In  too  many 
cases  this  fact  has  not  been  sufficiently  recognized  and  many  enter- 
prises have  therefore  failed  when  th^y  should  have  succeeded.  These 
failures  have  tended  to  deter  capital  from  entering  a  field  which  still 
presents  many  opportunities  for  profitable  investment.  Some  of  the 
factors  which  increase  the  cost  of  production  of  placer  gold  in  Alaska, 
such  as  high  rates  for  transportation,  are  changing  for  the  better; 
others,  such  as  the  inadequate  water  supply  and  low-stream  gradients 
which  prevail  in  many  localities,  are  permanent  and  must  be  met  by 
properly  applied  methods  of  exploitation.  It  is  these  facts  which  led 
to  the  investigation  so  successfully  carried  out  by  Mr.  Purington,  the 
results  of  which  are  here  presented. 

It  is  believed  that  this  report  will  stimulate  the  mining  industry  by 
making  available,  in  compact  form,  the  accumulated  results  of  the 
experience  of  mining  men  in  this  field  and  by  directing  attention  to 
those  mining  methods  developed  in  older  districts  which  appear  to  be 
adapted  to  the  conditions  prevailing  in  Alaska.  While  many  of  the 
figures  presented,  showing  cost  of  labor,  transportation,  and  fuel,  are 
subject  to  fluctuation,  with  a  general  tendency  to  decrease,  yet,  as  a 
comparative  study  of  mining  methods,  this  report  will  form  a  valuable 
permanent  contribution  to  mining  literature. 
Very  respectfully, 

Alfred  H.  Brooks, 
Oeclogist  in  Charge  Division  of  Alaska/n  Mineral  Resources. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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METHODS  AND  COSTS  OF  GRAVEL  AND 
PLACER  MINING  IN  ALASKA. 


By  C.  W.  PURINGTON. 


INTRODUCTION. 

Owing  to  the  fact  that  numerous  requests  have  been  received  by  the 
Geological  Survey  during  the  last  three  years  for  information  regard- 
ing the  cost  of  operating  gold-bearing  alluvial  deposits  in  Alaska  and 
the  best  means  of  working  the  claims  in  the  various  districts,  the 
preparation  of  a  report  embodying  such  information,  in  so  far  as  is 
possible  from  data  at  present  obtainable,  was  decided  on. 

I  was  requested,  in  the  spring  of  1904,  by  Mr.  Alfred  H*  Brooks, 
geologist  in  charge  of  the  division  of  Alaskan  mineral  recources,  to 
proceed  to  some  of  the  most  important  placer  fields  of  Alaska  during 
the  open  season  of  1904  and  to  collect  data  for  an  economic  report. 
I  was  asked  also  to  visit  the  neighboring  British  fields  of  Atlin  and 
Klondike  for  the  purpose  of  comparison.  Mr.  Sidney  Paige  was 
assigned  as  my  assistant  for  the  field  and  oflSce  duties,  and  has  render^ 
most  eflScient  aid  during  the  entire  progress  of  the  work. 

In  the  north  the  Juneau,  Atlin,  Klondike,  Birch  Creek,  Fairbanks, 
and  Seward  Peninsula  districts  were  successively  visited,  and  on  the 
return  a  short  stay  was  made  at  the  gold-dredging  field  of  Oroville, 
Cal.  (See  PI.  II,  p.  14,  general  route  map.)  Data  concerning  the 
districts  not  visited— the  Porcupine,  Chistochina,  Cook  Inlet,  Forty- 
mile,  and  Rampart,  and  remote  parts  of  Seward  Peninsula — have  been 
collected  from  reliable  sources,  especially  from  members  of  the  Geo- 
logical Survey  who  have  made  investigations  in  those  portions  of 
Alaska. 

ITINERARY. 

A  start  was  made  from  Seattle  May  26.  Five  days,  from  May  30  to 
June  3,  were  spent  in  the  vicinity  of  Juneau,  Alaska,  where  the  placers 
of  Silver  Bow  basin  and  the  power  plant  of  the  Alaska-Tread  well  mines 
were  inspected.  Six  days,  June  11  to  16,  inclusive,  were  spent  in  the 
Atlin  district  of  British  Columbia,  where  ten  plants  were  visited  on 
Pine,  Willow,  Boulder,  Spruce,  and  McKee  creeks  and  Gold  Run. 
Twenty-two  days,  June  25  to  July  16,  inclusive,  were  spent  in  the 
Klondike  district  of  the  Yukon  Territory,  where  32  operations  were 
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visited  on  Gold  Run,  Sulphur,  Upper  Dominion,  Bonanza,  Eldorado, 
Hunker,  Last  Chance,  Bear,  and  Gold  Bottom  creeks.  Three  days, 
July  17  to  19,  inclusive,  were  spent  in  the  vicinity  of  Eagle,  Alaska, 
two  operations  on  American  Creek  being  visited.  At  Circle  the 
regular  route  of  transportation  via  Yukon  River  was  departed  from. 
On  July  22  the  party  started  west  with  a  pack  train  and  reached  Dead- 
wood  Creek,  in  the  Birch  Creek  district,  on  July  24.  This  day  and 
the  next  were  spent  on  Deadwood  Creek,  where  6  operations  were 
inspected.  On  July  26,  5  operations  on  Mammoth  and  Mastodon  creeks 
were  visited.     On  July  27,  4  operations  on  Eagle  Creek  were  visited. 

The  route  was  then  pursued  westward  over  the  ridge  trail  to  Fair- 
banks Creek.  From  August  1  to  5,  inclusive,  nearly  all  the  operations 
in  the  recently  opened  Fairbanks  district  were  visited,  including  35 
operations  on  Fairbanks,  Chatham,  Cleary,  Twin,  and  Pedro  creeks. 
On  Fairbanks  Creek  a  junction  was  made  with  Mr.  L.  M.  Pr indie's 
party,  and  it  is  due  to  the  fact  that  the  two  parties  worked 
together  in  the  Fairbanks  district  that  all  the  operations  were  visited 
in  the  few  days  available.  During  the  few  succeeding  days  as  much 
information  as  possible  was  collected  in  the  town  of  Fairbanks  con- 
cerning the  new  gold  finds  of  the  Tanana,  and  my  party  then  proceeded 
via  the  Tanana,  Yukon,  and  St.  Michael  to  Nome,  arriving  there 
August  20.  From  August  21  to  September  4,  inclusive,  21  operations 
were  inspected  on  Anvil,  Glacier,  and  Dexter  creeks  and  Grass 
Gulch,  and  on  Newton,  Peluk,  and  Dry  creeks. 

On  September  5  the  party  proceeded  to  Ophir  Creek  via  Cheenik 
and  Council,  and  from  September  5  to  17,  inclusive,  inspected  29 
operations  on  Ophir,  Crooked,  Warm,  Gold  Bottom,  Penelope,  and 
Big  Hurrah  creeks  aYid  Solomon  River. 

After  returning  to  Nome  a  week  was  consumed  in  completing  at 
the  offices  of  the  mining  companies  the  data  already  partially  obtained 
on  the  creeks  and  in  gathering  all  possible  information  concerning 
operations  in  portions  of  Seward  Peninsula  not  visited.  The  party 
arrived  in  Seattle  October  2,  and  after  a  few  days  spent  at  Oroville, 
Cal.j  returned  to  Washington. 

FIELD  METHODS. 

Every  operation  in  a  district  was  not  visited,  but  enough  represen- 
tative claims  were  examined  to  give  a  fair  estimate  of  the  cost,  utility, 
and  adaptability  of  each  method  of  mining. 

For  assistance  in  obtaining  the  data  necessary  a  blank,  a  copy  of 
which  is  given  on  pages  17-20,  was  sent  to  all  the  placer  miners  of 
Alaska  whose  addresses  were  known.  This  blank  was  accompanied  by 
a  circular  letter,  and  in  many  cases  by  a  personal  letter,  explaining  the 
purpose  of  the  investigation.  The  fact  that  replies  have  been  received 
from  all  parts  of  the  Territory,  in  many  cases  from  the  most  remote 
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camps,  shows  that  the  mine  operators  take  an  interest  in  contributing 
to  the  preparation  of  the  work  in  hand. 

At  the  operations  visited  by  myself  or  b}'^  Mr.  Paige  more  detailed 
information  was  collected  regarding  costs,  the  handling  of  water,  the 
setting  up  of  the  plant,  and  the  mechanical  appliances.  Forms  1,  2, 
3,  4,  or  5  (pp.  17-25)  were  used,  according  to  the  character  of  the 
operations.  Photographs  were  taken  of  all  the  operations  visited. 
Over  400  excellent  photographs  have  been  obtained  by  Mr.  Paige, 
some  of  which  are  reproduced  in  this  report. 

In  each  district  a  study  has  been  made  of  the  water  resources,  the 
most  important  factor  in  placer  and  hydraulic  mining,  and  of  the  cost 
of  building  and  maintaining  ditches,  flumes,  and  storage  reservoirs  for 
the  purpose  of  using  water  under  pressure.  The  important  devel- 
opment of  ditch  building  in  Seward  Peninsula  has  been  especially 
considered. 

The  quantity  and  quality  of  timber  in  the  mining  districts  has  been 
considered  with  reference  to  its  use  for  fuel,  for  building  flumes  and 
sluice  boxes,  and  for  timbering  drift  mines.  It  is  an  unwelcome  fact 
that  the  important  placer  districts  of  the  Northwest  do  not  contain  a 
great  amount  of  timber,  and  the  mining  communities  of  the  interior 
must  use  with  discretion  the  scant  supply  of  native  timber  at  their 
conmiand. 

The  questions  of  wages  and  cost  of  living  have  been  considered  from 
the  standpoint  of  both  the  laborer  and  his  employer.  Temporary  con- 
ditions govern  wages  in  Alaska  to  a  notable  degree,  and  the  table  of 
wages  applying  in  1904  must  be  understood  to  have  only  present  value. 
While  the  rate  of  pay  for  miners  appears  attractively  high,  the  cost  of 
living  and  of  transportation  to  and  from  the  country  must  be  consid- 
ered, as  well  as  the  shortness  of  the  active  season  and  the  low  rate  of 
winter  wages.  Alaska  presents  a  small  field  for  those  whose  aim  is 
limited  to  the  earning  of  a  day  wage.  On  the  other  hand,  men  who 
are  willing  to  work  for  wages  during  the  summer,  and  actively  and 
intelligently  prospect  during  the  winter  with  the  mone^^  so  earned, 
have  always  the  chance  of  finding  and  locating  a  pay  streak  for  them- 
selves. 

The  main  object  has  been  the  determination  of  the  cost  and  most 
expeditious  means  of  getting  out  the  auriferous  material — gravel, 
sand,  or  bed  rock;  of  the  cost  of  obtaining  its  valuable  contents;  of 
the  best  methods  of  hydraulic  mining;  of  the  cost  of  removing  over- 
burden under  each  set  of  conditions,  and  of  handling  the  tailings;  of 
the  capacity  and  cost  of  installing  mechanical  methods;  of  the  cost, 
capacity,  and  adaptability  of  the  methods  employed  to  thaw  frozen 
gravel;  and  of  the  most  feasible  method  of  mining  in  little-developed 
districts. ' 
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Care  has  been  taken  to  avoid  the  publication  of  iigures  which  were 
accompanied  by  the  request  that  they  remain  confidential.  It  may,  in 
general,  be  said  that  the  detailed  data  furnished  have  been  used  mainly 
for  the  purpose  of  compilation,  and  have  not  been  herein  specifically 
transcribed. 

In  addition  to  matters  relating  directly  to  the  operation  of  placer 
mines,  attention  has  been  given  to  means  and  cost  of  freight  and  pas- 
senger transportation.  Whoever  contemplates  engaging  in  mining  in 
the  northwest  portion  of  America,  especially  in  the  interior  Alaska 
country,  can  not  devote  too  much  attention  to  the  study  of  the  cost  of 
transportation  of  supplies.  For  the  benefit  of  those  who  must  depend 
on  local  supply  points  in  the  north  for  their  needs,  a  table  is  given 
showing  present  costs,  at  each  principal  point,  of  the  articles  most 
necessary  to  the  miner. 

As  regards  transpbrtation  facilities,  care  has  been  taken  to  collect 
and  embody  in  this  report  all  available  data  and  statistics  relating  to 
the  construction  of  wagon  roads  in  the  Northwest.  The  neighboring 
fields  of  British  Columbia  and  the  Yukon  Territory,  in  Canada,  have 
afforded  excellent  opportunity  to  obtain  costs  and  methods  of  road 
construction  applicable  to  the  Alaska  interior.  Recommendations 
regarding  the  most  practical  and  serviceable  routes  for  road  construc- 
tion in  Alaska  have  been  made  in  a  previous  report  b}'  Mr.  Alfred  H. 
Brooks.^  The  need  of  these  roads  can  not  be  urged  too  strongly,  and  , 
the  expenditure  of  $1,000,0()(),  as  suggested  by  Mr.  Brooks,  would  be 
many  times  repaid  by  the  resulting  development  and  increased  gold 
production.  Already  over  300  miles  of  wagon  road  have  been  built 
by  the  Canadian  government  in  the  Yukon  Territory  and  the  Atlin 
district  of  British  Columbia,  while  over  ()<M)  miles  of  sled  roads  have 
been  made  in  the  Yukon  Territory.  The  fact  that  in  the  summer 
wagons  and  vehicles  of  all  descriptions,  and  even  bicycles,  may  be 
seen  daily  about  Dawson,  the  Klondike  creeks,  and  Atlin,  in  British 
Colum})ia,  while  the  winter  roads  in  Canadian  t(»rritory  atlbrd  contin- 
uous easy  routes  for  horse  sleds  down  the  Yukon  to  Dawson,  is  evi- 
dence of  the  success  of  the  Canadian  road->)uilding  enterprise.  On 
the  other  hand,  there  are  in  Alaska  less  than  .50  miles  of  well-built 
wagon  roads,  and  these  have  been  constructed  by  private  enterprise. 

No  attempt  has  been  made  to  give  a  detailed  account  of  the  topo- 
graphic and  geologic  conditions  in  the  districts  visited,  except  where 
such  conditions  have  a  direct  bearing  on  the  method  to  be  employed 
in  working  the  ground.  The  Geological  Survey  has  already  pub- 
lished many  exceedingly  valuable  reports  and  maps,  most  of  which 
are  distributed  free  of  charge.  A  list  of  the  Survey  publications  on 
Alaska  is  given  at  the  end  of  this  bulletin.  Any  prospector  who  is 
unprovided  with  the  reports  concerning  the  region  in  which  he  is 
working  lacks  an  important  part  of  his  equipment. 

a  Placer  mining  in  Alaska:  Bull.  U.  8.  Geol.  Survey  No.  226, 1903,  p.  57. 
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It  should  be  distinctly  understood  that  the  purpose  of  the  expedi- 
tion on  which  this  report  is  based  was  not  the  sampling  of  gold-gravel 
deposits.  Sampling  is  the  business  of  the  mining  engineer  acting  in 
a  private  capacity,  and  is  neither  practicable  nor  permissible  for  officers 
of  the  Federal  Government. 

Information  concerning  the  tenor  of  the  gravels  worked  was  fre- 
quently given  by  operators  whose  claims  were  visited,  and  such  state- 
ments have  been  considered  in  the  estimates  of  the  average  tenor  in 
gold  of  the  gravels. 

On  the  following  pages  are  reprinted  the  circular  letter  and  the 
forms  which  were  sent  to  miners  in  Alaska: 

Circular  letter  sent  to  placer  miners. 

Your  kind  cooperation  is  earnestly  requested  in  the  preparation  of  the  report  on 
the  placer  mining  methods  of  Alaska,  which  has  been  undertaken  by  this  Office 
under  the  supervision  of  Mr.  Alfred  H.  Brooks,  geologist  in  charge  of  division  of 
Alaskan  mineral  resources. 

Mr.  Chester  W.  Purington  has  been  detailed  to  investigate  some  of  the  principal 
placer  districts  of  the  Northwest  during  the  coming  summer,  and  will  personally 
obtain  as  much  information  as  possible.  It  being  impracticable,  however,  to  visit 
each  operator,  you  are  requested  to  assist  in  the  preparation  of  this  report  by  fur- 
nishing such  data  concerning  your  placer  and  the  methods  employed  in  operating  it 
as  are  asked  for  on  the  accompanying  blank  form.  The  information  furnished  will 
materially  aid  the  investigation  and  will  insure  the  inclusion  of  all  the  districts  in 
the  final  report,  which  it  is  expected  will  be  distributed  in  1905. 

Methods  of  operating  are  improved  and  rendered  more  effective  by  a  community 
of  interest,  and  while  data  furnished  by  you  and  made  use  of  in  the  report  may  assist 
some  other  operator,  you  also  may  derive  benefit  from  it  through  the  suggestions  of 
others. 

The  results  already  attained  in  placer  mining  in  Alaska  and  neighboring  territory 
will  be  made  use  of  for  the  purpose  of  outlining  the  most  advisable  methods  to  be 
followed  in  each  of  the  principal  placer  districts.  Especial  attention  will  be  given  to 
gold  dredging,  hydraulic  placer  mining,  the  employment  of  elevators  for  obtaining 
artificial  grade,  and  the  determination  of  the  best  methods  for  the  thawing  of  frozen 
gravel.  A  special  feature  of  the  report  will  be  a  comparison  of  costs  of  operation  by 
various  methods  in  all  parts  of  the  placer  fields.  It  is  evident  that  for  carrying  out 
the  plan  full  data  are  necessary  concerning  the  character  of  the  ground,  the  local 
conditions,  and  the  methods  at  present  in  use. 

As  the  value  of  these  reports  depends  largely  upon  the  promptness  of  their  publi- 
cation, an  early  reply  is  earnestly  requested.  Please  answer  the  questions  on  the 
schedule  as  far  as  possible.  If  you  can  not  give  the  exact  figures  in  all  cases,  make 
the  replies  as  approximately  correct  as  possible. 

A  copy  of  the  report  will  be  sent  to  each  operator  furnishing  a  statement.  An 
addressed  envelope  is  inclosed,  which  requires  no  stamp. 

Form  No,  i,  sent  to  gold-placer  miners  of  Alaska. 

It  is  hoped  that  even  in  cases  where  the  operator  does  not  care  to  give  full  data 
concerning  his  property  and  operations  he  will  furnish  at  least  a  part  of  the  informa- 
tion requested.  Very  few  of  the  facts  obtained  will  be  embodied  directly  in  the 
report,  but  from  the  sum  of  them  will  be  drawn  conclusions  and  suggestions  which 
it  is  hoped  will  be  of  value  to  the  gold-mining  community  as  a  whole, 
Bull.  263-05 2 
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1.  What  is  the  name  and  post-office  address  of  firm,  corporation,  or  individual 

making  this  report? 

2.  What  is  the  name  of  mine? 

3.  What  is  the  location  of  mine,  and  in  what  district?     (Note. — Give  name  by 

which  district    is    commonly   known,   such  as   "Birch    Creek,'*    "Ophir 
Creek,*'  etc.) 

4.  By  whom  is  the  property  owned? 

Address: 

5.  By  whom  is  the  mine  managed  ? 

Address: 

6.  (a)  How  long  has  the  mine  been  operated,  and  what  was  date  of  opening? 
(6)  How  many  ounces  of  gold  has  it  produced  ? 

(c)  What  was  the  gold  worth  per  ounce? 

7.  What  is  the  character  of  the  deposit?     (Creek,  bench,  river  bar,  seabeach,  or 

gravel  plain.) 

8.  (a)  How  many  acres  does  it  contain? 

(6)  What  are  its  approximate  dimensions? 

9.  How  many  men  are  employed,  and  how  much  are  they  paid? 

10.  How  many  shifts  are  worked,  and  how  many  men  on  each  shift? 

11.  Between  what  dates  is  gravel  extracted? 

12.  Between  what  dates  is  it  washed? 

13.  (a)  Is.there  timber  on  the  property? 

(6)  If  so,  how  much,  and  of  what  kinds  and  average  size? 

(c)  What  does  sawed  lumber  cost  per  thousand? 

(d)  Where  is  sawed  lumber  obtained? 

14.  (a)  If  gravel  is  in  a  stream  bed,  what  is  the  grade  of  the  stream  per  mile,  in 

feet? 
(6)  How  many  miner's  inches  or  cubic  feet  of  water  are  used  in  mining  oper- 
ations, and  for  how  many  months  in  the  year? 
16.  How  much,  in  dollars  or  cents,  must  the  gravel  contain  per  cubic  yard  to  pay? 

16.  How  far  below  the  surface  does  the  pay  gravel  lie? 

17.  Will  you  please  describe  a  section  of  the  overburden,  giving  the  succession  and 

thickness  of  turf,  soil,  sand,  round  or  angular  gravel,  clay,  etc.? 

18.  (a)  Does  pay  lie  directly  upon  bed  rock?    (6)  If  not,  upon  what  does  it  rest, 

and  what  is  beneath? 

19.  How  wide  and  thick  is  the  pay? 

20.  Does  it  follow  any  definite  channel  or  channels? 

21.  Is  there  more  than  one  pay  streak? 

22.  Is  the  pay  gravel  sandy  or  clayey? 

23.  (a)  Is  the  gravel  rounded  or  angular? 
6)  What  is  the  usual  diameter  of  the  stones? 

c)  What  per  cent  are  over  6  inches  in  diameter? 

d)  What  per  cent  are  over  18  inches  in  diameter? 

24.  (a)  Is  ground  frozen? 
b)  If  so,  to  what  depth? 

25.  (a)  Is  bed  rock  hard  or  soft? 

b)  What  kind  of  rock? 

c)  If  slate,  or  thinly  bedded  rock,  what  is  its  angle  or  dip? 

26.  (a)  Is  bed  rock  excavated  in  mining? 

b)  To  what  depth? 

27.  (a)  Do  you  get  coarse  or  fine,  flaky  or  shot  gold? 
6)  Are  nuggets  foimd? 

c)  Of  what  size? 
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28.  (a)  Is  gold  smooth  or  rough? 

(6)  Rusty  or  bright? 

(c)  Flat  or  chunky? 
^.  (a)  Does  nature  of  gold  vary  from  grass  roots  to  pay  or  in  different  parts  of  the 
pay  streak? 

{b)  If  so,  in  what  way?    Please  describe. 

30.  (a)  What  amount  of  black  sand  is  caught  per  cubic  yard  of  gravel  washed? 
(6)  What  amount  of  other  materials? 

31.  (a)  Are  other  valuable  minerals  caught  besides  gold? 
(6)  If  so,  what  are  they  and  in  what  amount? 

32.  Under  which  of  the  following  heads  do  your  operations  come,  and  will  you 

briefly  describe  the  important  features?    (Operations:  tundra,  beach,  creek, 
or  bench  mining. ) 

33.  How  many  cubic  yards  of  gravel  are  washed  per  day  during  the  season? 

34.  How  many  cubic  yards  of  overburden  are  stripped  during  the  season? 

PROSPECTING   GROUND. 

1.  (a)  Has  ground  been  prospected  by  pits  or  by  drill  holes? 
(6)  If  by  pits,  what  was  the  size  and  depth? 

2.  (a)  How  many  were  dug? 
(6)  What  did  they  cost? 

3.  (a)  Did  they  need  timbering? 

(6)  If  so,  how  closely  and  how  heavily? 

4.  If  ground  was  prospected  by  drilling,  what  size,  depth,  and  number  of  holes 

were  used? 

5.  (a)  What  was  the  cost  per  foot? 

(6)  What  was  the  cost  of  equipment? 

6.  What  difficulties  were  encountered? 

7.  How  did  the  results  from  mining  compare  with  the  probable  results  as  indi- 

cated by  prospecting? 

HYDRAULIC  OPERATIONS  AND   EQUIPMENT. 

1.  How  much  water  is  used,  and  how  is  it  distributed  in  the  operations? 

2.  What  is  the  length,  capacity,  and  grade  of  ditches,  and  head  and  tail  flumes? 

3.  What  is  the  length  and  size  of  pipe  lines,  and  of  what  is  pipe  made? 

4.  Will  you  kindly  describe  giants,  as  to  size,  make,  capacity,  effectiveness,  etc.? 

5.  How  are  bowlders  handled? 

6.  What  and  how  much  material  is  constuned,  such  as  lumber,  quicksilver, 

powder,  etc.? 

7.  What  is  the  effectiveness  of  a  giant  upon  frozen  gravel? 

8.  How  much  gravel  is  moved  in  24  hours,  and  what  does  it  cost? 

9.  Are  elevators  used,  and  if  so,  what  has  been  your  experience  with  them? 

10.  How  much  water  do  they  use? 

11.  Of  whose  make  are  they,  and  will  you  kindly  describe  them? 

12.  How  large  stones  will  they  handle? 

DREDGING. 

[NOTB.— If  bineprintfl  or  photographs  are  famished,  they  will  be  returned  if  deedred.] 

1,  Will  you  kindly  give  a  general  description  of  dredge:  Maker,  type,  size,  esti- 

mated capacity,  cost,  and  some  details  of  construction;  especially  of  new 
features  that  have  proved  advantageous. 

2.  How  are  bowlders  handled? 
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3.  How  deep  will  buckets  or  dipper  dig? 

4.  What  is  capacity  of  buckets? 

5.  What  are  arrangements  for  moving  dredge  and  holding  it  in  place? 

6.  How  is  gravel  sized? 

7.  Are  plates  or  quicksilver  used? 

8.  What  is  the  life  of  wearing  parts? 

9.  What  kind  of  power  and  engines  are  used? 

10.  What  fuel  is  used,  and  what  is  its  cost? 

11.  What  type  of  pumps  are  used,  and  what  is  their  capacity? 

12.  How  many  cubic  yards  of  gravel  have  been  handlcnl  in  a  given  time  from  past 
record? 

13.  What  special  difficulties  are  encountered? 

14.  What  is  cost  of  dredg^g  under  local  conditions? 

15.  Is  frozen  ground  encountered,  and  if  so,  how  does  dredger  work  in  it? 

In  case  of  special  operations  not  covered  by  the  above  summary,  will  you  kindly 
give  brief  descriptions,  especially  of  apparatus  which  has  proved  successful  in  han- 
dling placer  gravel  under  northern  conditions? 

The  following  space  is  left  blank  in  order  that  any  special  description  of  the 
property  may  be  given. 

You  are  requested  to  fill  out  this  schedule  as  soon  as  possible  and  return  in  the 
inclosed  envelope  which  requires  no  stamps. 

Forms  2,  3,  4,  5,  6,  contained  the  first  thirty-four  questions  in  fonn 
1,  and  the  questions  in  form  1  regarding  prospecting  ground.  In  addi- 
tion the  following  data  were  asked  for,  a  separate  form  being  used 
according  as  the  operations  came  under  the  heads  of  hydraulic  mining, 
dredging,  open  cutting,  or  drift  mining. 

Form  S, — Hydraulic  mining. 
Size  of  head-gate. 

Dimensions,  grade,  length,  capacity,  and  cost  of  head  ditch. 
Cost  of  maintaining. 
Length  of  flume,  if  any. 

Dimensions,  grade,  and  size  of  lumber  in  bottom,  sides,  and  battening;  size  and 
length  of  posts  and  sills  in  head  flume;  number  of  collars  to  box. 
Amount  of  trestling  and  cost  of  same.    Size  of  sills,  posts,  and  stringers. 
Is  flume  or  ditch  covered  to  prevent  freezing?    Describe  method. 
Number  of  relief  gates  in  ditch  Ime. 
Are  inverted  siphons  used?    If  so  describe. 
Amount  of  water  available. 
Size  pressure  box  and  size  lumber  used. 
Head  of  water  in  feet 
Length  of  pipe  line  from  pressure  box. 
If  more  than  one  pressure  box  or  pipe  line,  describe. 
Size,  gage,  cost,  and  nature  of  pipe  employed. 
Where  obtained. 
Kind  of  joints. 

Kind  and  number  of  air  valves. 
Method  of  setting  and  unsetting  pipe. 
Size  of  pipe  at  giant  or  giants. 
Is  water  diverted  for  other  purposes  beside  giant? 
If  so,  how  much,  and  for  what  purposes? 
Number  and  angles  of  elbows  in  main  pipe  line. 
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Size,  make,  and  cost  of  giant  or  giants  used. 

Size  nozzle  used,  with  or  without  deflector. 

How  often  is  giant  moved  ? 

What  height  of  bank  is  operated  on? 

What  modifications  adopted  in  syptem  of  piping  owing  to  frozen  gravel  ? 

Does  giant  clean  bed  rock  ? 

If  not,  how  is  bed  rock  cleaned  ? 

How  much  gravel  is  moved  .per  shift? 

If  bankhead  or  by  wash  water  used,  how  much  ? 

How  are  bowlders  handled,  derricking  or  shooting? 

Cost  of  handling  bowlders. 

Size,  capacity,  and  cost  of  derrick  and  plant;  cost  U)  operate. 

At  what  distance  is  head  box  of  tail  sluice  from  giant? 

Dimensions,  grade,  and  length  of  boxes  in  tail  sluice. 

Number  of  boxes. 

Size  of  lumber  in  bottom,  side,  and  lining  boards. 

Method  of  making  sluice  box,  size  of  posts  and  sills. 

Cost  and  time  to  make  and  put  in  place  one  box. 

Life  of  lining  boards. 

Lailgest  stones  put  through  sluice. 

Average  cost  of  shooting  bed  rock  to  keep  sluice  on  grade. 

Kind  of  riffles  employed  in  the  sluice — distribution. 

Cost  and  life  of  same — preference  of  riffles. 

Amount  of  quicksilver  used. 

Amount  of  quicksilver  consumed. 

Are  undercurrents  used  ?  Description,  number,  distribution,  area  of  each,  grade, 
results. 

Per  cent  of  gold  saved  in  different  parts  of  sluice. 

Per  cent  of  gold  saved  in  undercurrents. 

Per  cent  of  gold  lost. 

Is  gravel  forked  in  the  sluice  ? 

Is  dump  moved  after  leaving  end  sluice  box  ? 

If  so,  by  what  power  and  to  what  distance? 

Are  tailings  impounded  ?    If  so,  for  what  reason  ? 

Method  and  cost  of  impounding. 

Cost  of  breaking  down,  moving,  and  washing  gravel  per  cubic  yard. 

Improvements  contemplated  or  suggested. 

If  hydraulic  elevator  is  used — make,  size,  weight,  and  cost  of  elevator. 

Depth  of  sump. 

Effective  lift  of  elevator. 

Pressure  necessary  to  obtain  lift. 

Size  of  throat,  upcast  pipe,  and  nozzle. 

Weight,  thickness,  material,  life,  and  cost  of  throat 

Method  of  joining  upcast  pipe. 

Sbape,  material,  and  life  of  hood. 

Largest  stones  handled. 

Amount  of  water  handled  by  elevator. 

Amount  of  gravel  handled  by  elevator. 

Amount  of  water  fed  to  nozzle. 

Are  auxiliary  water  lifts  used  ? 

Is  any  method  beside  piping  used  for  feeding  gravel  to  elevator?    What  method. 

Describe  sluice  boxes  before  elevator,  if  any — number  of  boxes,  grade,  dimensions, 
riffles. 

Describe  tail  sluice^length,  grade,  dimensions,  riffles. 
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Per  cent  of  gold  caught  before  and  after  elevator. 
Frequency,  time,  and  cost  of  moving  elevator. 
Difficoltiee  encountered  in  its  use. 

Form  S,  —Dredging, 

Make  and  cost  of  dredge. 

Estimated  and  actual  capacity  of  dredge  in  cubic  yards  per  twenty-four  hours. 

Is  dredge  in  a  river  or  in  self-made  pond? 
*  Depth  to  which  buckets  dig,  and  height  of  bank  above  water  level. 

Where  was  hull  constructed  and  of  what  material? 

Feet  of  lumber  in  hull  and  cost  of  hull. 

Dimensions  and  draft  of  hull,  loaded. 

Weight  of  machinery. 

Power  used,  nature,  amount,  cost  per  day. 

Height,  size,  method  of  bracing,  and  inclination  of  gauntrees. 

Size,  weight,  position,  and  description  of  spuds,  if  used. 

Size,  number,  position,  and  use  of  winch  drums. 

Position  of  lever  house. 

Size,  number,  and  length  of  cables. 

Does  dredge  dig  on  spud  or  head  lin^? 

Length,  width,  weight,  material,  of  digging  ladder. 

Material  and  weight  of  tumblers. 

Number,  capacity,  arrangement,  weight,  shape,  and  cost  of  buckets. 

Material,  life,  and  cost  of  bucket  lips,  pins,  and  bushings. 

Are  teeth  used  on  any  buckets? 

How  far  in  front  of  bow  will  buckets  dig? 

What  size  of  stones  are  handled? 

Do  buckets  clean  bed  rock? 

Describe  save-all,  if  used. 

Is  nozzle  used  for  cleaning  buckets? 

Is  trommel  or  shaking  screen  used?    Preference.   ' 

Dimensions  and  life  of  trommel;  size  holes. 

Is  side  chute  used  for  large  stones?    Describe  grizzly. 

Is  sluice  box  with  auxiliary  float  useci?    If  so,  (lescribe. 

Is  stacking  ladder  used?    Length,  how  driven,  steel-link  l)elt,  or  rubl)er  l)elt,  width. 

Height  and  distance  from  stem  stacked. 

Life,  efficiency,  and  cost  of  stacker  belt. 

Treatment  of  fines,  area,  grade,  and  description  of  tables;  kind  of  riffles  most  suc- 
cessful, amount  of  quicksilver  used. 

Is  sand  pump  used?    How  often? 

Clean  up,  how  often?    State  method  used  and  time  consumed. 

Size,  make,  and  cost  of  pump  used  for  supplying  sluice  water;  height  of  lift 

Distribution  of  power;  how  much  to  each  operation. 

Size  and  capacity  of  boilers  and  engines  or  dynamos  used;  describe  connections 
pulleys,  and  clutches. 

Special  difliculties  owing  to  northern  conditions. 

Most  frequent  breakages. 

What  kind  of  ground  does  dredge  work  best  in? 

What  kind  of  ground  does  dredge  have  most  difficulty  in? 

If  in  pond,  is  water  pumped  in?    How  much?    From  what  source? 

Cost  per  cubic  yard  of  digging  and  washing  gravel. 
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Form  4' — Open  cut  (not  tvorked  by  hydratUicking), 

Depth  of  overburden  stripped. 

Method  of  stripping;  by  ground  sluicing,  hydraulicking,  scraping,  or  booming. 
Cost  per  cubic  yard  of  stripping;  amount  stripped  in  a  given  time. 
Source  of  water. 

Amount  of  water  in  miner's  inches. 
Length  of  ditch  or  flume  and  dimensions. 

If  water  is  pumped  for  sluicing,  kind  of  pump  used  and  cost  of  pumping  per  cubic 
yard  of  gravel  handled. 
Dimensions  and  grade  of  sluice  boxes  and  number  used. 
Is  mud  box  used?    Dimensions. 
Disposal  of  large  stones. 

Size  of  lumber  used;  one  or  more  strings  of  boxes. 
System  of  joining  and  setting  up  boxes. 
Kind  of  riffles,  cost  and  life. 

Dimensions  of  pit  worked  with  one  set-up,  frequency  of  new  set-ups,  and  time  con- 
sumed in  changing. 
How  is  seepage  water  handled,  by  pump  or  drain? 

Dimensions,  length,  grade,  capacity,  cost,  and  method  of  constructing  drain;  diffi- 
culties with  drain. 
Is  China  pump  used?    C&pacity;  cost  of  pumping. 
Is  power  pump  used?    Capacity;  cost  of  pumping. 
Describe  system  of  dams,  if  used,  method  of  construction  and  cost. 
How  are  tailings  handled?    If  scraped  by  horses,  cost  of  scraping. 
Per  cent  of  gold  saved  in  boxes,  if  known. 
The  following  special  queries  apply  to  open-cut  work: 
If  men  shovel  into  boxes — 

To  what  height  do  men  throw? 

Are  platforms  used? 

Depth  of  ground  shoveled  in. 

Amount  of  ground  handled  per  shift  per  man  in  cubic  yards. 
If  horse  scrapers  scrape  into  boxes — 

How  many  cubic  yards  per  day  will  one  team  scrape  into  boxefi? 

Cost  per  day  of  team  and  driver. 

Per  cent  of  gold  saved. 
If  steam  scraping  is  employed,  in  handling  pay  or  tailings — 

Describe  plant  and  cost,  cost  of  operation,  capacity,  and  difficulties  encountered. 

Amount  and  kind  of  fuel  used. 

Number  of  men  required  to  scraper. 

Distance  to  which  material  is  conveyed,  and  height  elevated. 
If  derricking  is  employed — 

Describe  capacity  of  plant,  give  cost,  system  of  operating,  amount  and  distri- 
bution of  power  and  labor. 
If  inclined  track  and  car  system  is  used — 

Number  and  capacity  of  cars  handled  per  shift;  number  and  length  of  tracks 
in  use. 

Length  of  tram  to  bottom  of  incline. 

Number  of  men  to  a  car. 

Length  of  incline  and  vertical  height  of  dumping  platform  above  bed  rock. 

Amount  of  power  to  elevate;  system  of  elevating,  automatic  devices  used. 
If  steam  shovel  is  used — 

Size,  make,  capacity,  and  cost  of  shovel. 

Power  used,  amount,  and  how  generated. 

Capacity  of  dipper. 
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If  8team  shovel  is  used — 

Length  of  boom. 

Weight  of  machine. 

On  track  or  skids. 

Height  of  bank  on  which  it  will  operate. 

Does  it  clean  bed  rock,  or  do  men  clean  bed  rock  after  it? 

Efficiency  in  digging  the  material  at  hand. 

Does  it  dump  into  cars  or  sluice  boxes? 

Is  conveying  system  equal  in  capacity  to  shovel? 

Difficulties  encountered. 

Cost  per  cubic  yard  of  digging. 

Elevation  to  which  gravel  is  hoisted  in  cars,  power,  necessary  for  hoisting. 

Describe  track  system  for  returning  empty  cars. 
If  more  than  one  of  the  above  systems  is  in  use  for  working  open  cute  on  the  same 
claim,  give  comparative  efficiency  and  cost. 

Form  6 — Drift  mining. 
Dimensions  of  shaft. 
Cost  and  rate  of  sinking  per  foot 
Is  shaft  timbered? 
Method  of  timbering  shaft 
Depth  of  shaft  to  bed  rock. 
Unfrozen  gravel — 

Method  of  drifting. 

What  width  of  face  is  carried? 

Are  pillars  left,  what  dimensions? 

Height  of  posts,  length  of  caps. 

Are  false  sets  used? 

Method  of  filling  or  caving  worked-out  ground. 

Are  timbens  recovered? 
Frozen  gravel — 

Rate  and  cost  of  sinking  shaft  1>y  steam  point 

Diameter  of  steam  pipe  entering  shaft. 

Length,  diameter,  and  cost  of  points. 

Pressure  of  steam,  size  of  cross-head. 

How  far  apart  are  points  placed  in  face? 

Is  hot  water  used  in  starting  points?    Preference. 

Horsepower  per  point. 

How  long  are  pointe  left  in  face? 

Cubic  yards  of  gravel  thawed  by  each  point  in  given  time. 

System  of  mining  and  hoisting. 

If  gravel  thawed  by  hot- water  hydraulicking,  describe  method. 

Size,  capacity,  and  cost  of  pump. 

Position  of  pump. 

Temperature  of  and  method  of  heating  water. 

Amount  of  water  used. 

Size  nozzle  used. 

Cubic  yards  of  gravel  thawe<l  per  shift 
Boiler — kind,  make,  cost 
Kind,  amount,  cost  of  fuel  burned  per  day. 
Distribution  of  power,  to  thawing,  to  hoisting  and  conveying. 
If  gravel  thawed  by  wood  fires,  describe  meth(Kl;  give  cost  and  capacity. 
Describe  system  of  tramming,  wheeling,  or  skidding  to  sha^t 
Describe  system  of  hoisting. 
Is  self-dumping  cJ^rrier  used?    Kind,  efficiency. 
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To  what  distance  and  height  above  the  collar  of  shaft  does  it  transport  the  gravel? 

Capacity  of  the  plant 

Cost  per  cnbic  yard  of  mining,  hoisting,  and  washing. 

What  area  of  ground  is  worked  from  one  shaft? 

If  winter  damps  are  taken  out  and  washed  in  spring — 

Sisse  of  dump. 

Method  of  sluicing. 

Cost  of  sluicing. 

Is  dump  rethawed? 

Method  and  cost  of  rethawing. 

Method  of  sampling  dump,  if  any. 
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GBNERAIi  STATEMENT  OF  CONDITIONS. 

Placer  mining  is  that  form  of  mining  in  which  the  surficial  detritus 
is  washed  for  gold  or  other  valuable  minerals.  When  water  under 
pressure  is  employed  to  break  down  the  gravel,  the  term  hydraulic 
mining  is  generally  employed.  There  are  deposits  of  detrital  mate- 
rial containing  gold  which  lie  too  deep  to  be  profitably  extracted  by 
surface  mining,  and  which  must  be  worked  by  drifting  beneath  the 
overlying  barren  material.  To  the  operations  necessary  to  extract 
such  auriferous  material  the  term  d/rift  mining  is  applied. 

As  nearly  all  mining  in  alluvial  deposits  comes  under  the  head  of 
gravel  mining,  that  t^rm  has  been  adopted  in  the  main  for  operations 
described  in  the  report  of  which  the  following  chapter  is  a  summary. 
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Occasionally,  however,  the  precious  mineral  sought  lies  in  a  matrix 
of  fine  sand,  or  even  entirely  in  the  crevices  of  the  bed  rock  on  which 
the  alluvial  deposit  rests.  Obviously  the  term  gravel  mining  does 
not  cover  the  cases  in  which  detrital  gold  is  extracted  from  such 
matrices,  and  the  general  term  placer  mining^  has  been,  therefore, 
added  in  the  title  of  this  report  for  want  of  a  name  which  shall 
include  all  operations  considered.*  When  in  the  subsequent  matter 
the  terms  gravel  deposit,  gravel  washing,  and  gravel  mining  are 
employed  they  must  be  understood,  for  the  sake  of  brevity,  to  include 
the  consideration  of  all  classes  of  deposits  in  which  gold  of  detrital 
origin  is  found. 

The  term  ^"^  elluviaV^  has  been  applied  to  placer  deposits  formed  by 
the  rotting  of  rock  in  place  to  greater  or  less  depth. ^  Such  deposits 
do  not  occur  in  the  portions  of  Alaska  visited,  and  may  be  excluded 
from  consideration. 

In  regard  to  the  valuable  contents  of  the  deposits,  it  should  be 
stated  that  in  all  the  cAses  here  considered  gold  is  the  mineral  sought. 
Platinum  or  any  minemls  of  the  platinum  group  have  not  been  found 
in  paying  quantity  in  any  part  of  Alaska.  Alluvial  tin  has  been 
found  and  mined  in  the  western  portion  of  Seward  Peninsula.  The 
deposits  were  not,  however,  visited  by  the  present  expedition.'' 

aPtacer,  according  to  a  Spanish  definition,  is  a  place  near  the  bank  of  a  river  where  gold  dust  la 
found.    Llndley  on  Mines,  Hec.  419,  makes  the  following  comments: 

"Dr.  R.  W.  Raymond  (Glossary  of  mining  and  metallurgical  terms,  Trans.  A.  I.  M.  E.,  vol.  9,  p. 
164)  defines  the  word  placer  as  a  deposit  of  valuable  mineral  found  in  particles  In  allniHum  or  dilu- 
vium, or  beds  of  streams.  He  adds  to  the  definition  the  statement  that,  by  the  United  Slates 
Statutes,  all  deposits  not  classed  as  veins  or  rock  in  place  are  considered  placers.  As  was  said  by  the 
Supreme  Court  of  the  United  States  (Reynolds  v.  Iron  S.  M.  Co.,  116  U.  S.,  687-696;  6  Sup.  Ct.  Rep., 
601),  in  distinguishing  the  two  classes  of  defjoaits:  'Placer  mines,  though  said  by  the  statutes  to 
include  all  other  deposits  of  mineral  matter,  are  those  in  which  this  mineral  is  generally  found  in 
the  softer  material  which  cover  the  earth's  surface,  and  not  among  the  rocks  beneath.' " 

It  is  evident  that  the  term  placer  mining  as  used  in  the  present  report  covers  a  much  more  limited 
field  than  would  be  the  case  were  the  term  placer  used  in  its  broad  legal  sen.-^e. 

b  The  term  alluvial  mining,  used  in  Australia,  is  not  generally  employed  in  the  United  States. 

cEng.  and  Min.  Jour.,  vol.  77,  May  5,  1904,  p.  722. 

dSee  the  report  of  A.  J.  Collier  (Bull.  U.  S.  Geol.  Survey  No.  229,  1904)  for  an  exhaustive  account  of 
the  York  tin  deposits. 
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CLASSIFICATION  OP  ALLUVIAL  GOLD  DEPOSITS  IN  ALASKA. 

The  alluvial  gold  deposits  of  Alaska  may  be  classified  as  follows: 
CUusification  of  alluvial  deposits  in  Alaska, 


Creek  placers . . , 
Hillside  placers . 


Bench  placers. . . . 
River-bar  placers. 


Gravel-plain  (tundra) 
placers. 

Sea-beach  placers 

Lake-bed  placers 


Placers  in,  adjacent  to,  and  at  the  level  of  small  streams. 

Placers  on  slopes,  intermediate  between  creek  and  bench 
claims. 

Placers  in  ancient  stream  deposits  from  50  to  300  feet 
above  present  streams. 

Placers  on  gravel  flats  in  or  adjacent  to  the  beds  of  large 
streams. 

Placers  in  the  coastal  plain  of  Seward  Peninsula. 
Placers  adjacent  to  the  seashore  to  which  the  waves  have 


Placers  accumulated  in  the  beds  of  present  or  ancient 
lakes;  generally  formed  by  landslides  or  glacial  dam- 
ming. 


The  methods  of  working  the  alluvial  gold  deposits  are  shown  in  the 
following  table: 

Methods  of  working  alluvial  gold  deposits  of  Alaska, 


Class  of  placero. 

Method  of  working. 

Creek  placers 

Hydraulicking. 

Hydraulicking  with  hydraulic  elevator. 

Dredging. 

Open  cutting,  separate «»  stripping,  and  shoveling  in.^ 

Open  cutting,  separate  stripping,  and  horse  scraping. 

Open  cutting,  separate  stripping,  and  ste^im  scraping. 

Open  cutting,  separate  stripping,  wheeling,  and  cable  tram. 

Open  cutting,  separate  stripping,  and  steam  shovel. 

Open  cutting,  separate  stripping,  track  and  incline  system. 

Open  cutting,  separate  stripping,  track  system,  with  hy- 
draulic elevator. 

Open  cutting,  separate  stripping,  track  system,  with  der- 
ricking. 

Open  cutting,  separate  stripping,  skidding,  with  derricking. 

Shaft,  drifting,  and  timbering. 

Shaft,  thawing,  and  drifting. 

Hillside  placers  c 

By  the  same  methods  as  creek  claims. 

a  Charged  to  independent  account    The  stripping  generally  consists  of  frozen  "  muck,"  a  miztoro 
of  silt  and  ice,  which  is  ground-sluiced  off. 
fr Includes  rocker  work. 
o  Detritus  varying  from  8  to  60  feet  in  thickness. 
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Methods  of^oorHng  aUutial  gold  deposits  of  Alaska — Continued. 


Class  of  placers. 


Method  of  working. 


Bench  placers  « Hydraulicking. 

Open  cutting,  separate  stripping,  and  slioveling  in. 
Open  cutting,  separate  stripping,  and  horse  scraping. 
Shaft  or  adit,  drifting,  and  timbering. 


Shaft  or  adit,  thawing,  drifting,  little  timbering. 


River-bar  placers ' 


Hydraulicking  with  hydraulic  elevators. 

Dredging. 

Open  cutting,  steam  shovel. 


(iravel-plain  ( t u  n  d  ra ) 
placers.*^ 


Hydraulicking  with  hydraulic!  elevating. 

Open  cutting,  separate  stripping,  and  shoveling  in. 

Shaft,  thawing,  and  drifting. 


Sea-beach  placers  f^ . 


I^ke-beil  pla<»erH Hydraulicking. 


Digging  shallow  pits  and  shoveling  in.< 

Dredging. 

Special  devices. 


a  Detritus  varying  from  6  to  150  feet  in  thicluieHs;  in  parts  of  Seward  Peninsula  to  230  feet. 

6  Detritus  from  8  to  60  feet  in  thickness. 

c  Detritus  from  15  to  150  feet  in  thickness. 

rf  Detritus  from  1  to  6  feet  In  thicknesH. 

•  The  greater  port  of  the  gold  from  the  beach  sands  has  been  obtained  by  rockers. 

The  above  classes  are  based  on  operations  actually  seen  during  the 
season  of  1904.  Suggestions  concerning  the  application  of  other 
methods  to  certain  forms  of  deposits  are  given  in  the  body  of  the  main 
report. 

In  the  districts  (PI.  II,  p.  14)  visited  the  deposits  under  exploitation 
as  above  classified  were  as  follows: 

Classes  of  deposits  worked  in  districts  insited. 


Province. 


District. 


South  Coast. 


Interior  . 


Juneau . 


(Httss  of  placer  worked. 


Creek  and  lake-bed  placers. 


Atlin Creek  and  bench  deposits. 

Klondike |  Creek,  hillside,  and  bench  placers. 

Ea^le Creek  and  bench  placers. 

Birch  Creek Creek,  hillside,  and  river-bar  placers. 

Fairbanks Crt^k  placers. 
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listricts  visited — Continued. 

Class  of  placer  worked. 

Seward  Peninsi 

ala . . . 

Creek,  hillside,  bench,  gravel  plain,  and 

Council 

seabeach  placers. 
Creek,  hillside,  and  river  bar  placers. 
Creek  and  river  bar  placers. 

Solomon 

In  the  districts  not  visited  the  classes  of  deposits  are  as  follows: 

CUisses  of  deposits  worked  in  districts  not  visited. 

Province. 

District. 

Class  of  deposit  worked. 

South  Coafit  . . 

Porcupine 

Creek  and  bench  placers. 
Do. 

Nizina 

Cbiena 

Creek  placers. 
Do. 

Sunrise 

Interior 

Fortymile 

Creek  and  bench  placers. 
Do. 

ula . . . 

Rampart 

Seward  Penins 

Topkok  

Creek,  gravel  plain,  and  seabeach  pla- 
cers. 

Creek  and  bench  placers. 

Do. 

Do. 

Port  Clarence 

Fairhaven 

Kougarok 

METHODS  OF  MINING,  AND  CONDITIONS. 

The  mining  of  placer  gold  in  Alaska  is  carried  on  for  the  most  part 
during  June,  July,  August,  and  September.  The  gold-bearing  gravel 
mined  during  the  remainder  of  the  year  by  winter  drifting  does  not 
exceed  15  per  cent  of  the  total  annual  amount  extracted.  The  gold  can 
not  be  washed  from  this  gravel  until  the  cessation  of  winter  conditions 
libemtes  the  water  in  spring  for  sluicing  purposes.  The  sluicing  of 
the  ''winter  dumps"  takes  place  during  the  latter  part  of  May. 

Many  of  the  methods  of  mining  have  been  developed  within  the  last 
ten  years  to  suit  the  unusual  conditions  existing  in  the  northern  gold 
fields.  Gravel  miners  from  other  parts  of  the  world  found  that  in 
Alaska  much  of  their  previous  experience  proved  of  no  special  benefit. 
On  the  other  hand,  men  without  previous  experience  in  mining,  but 
possessing  ingenuity,  have  occasionally  adopted  devices  which  have 
proved  efficient  and  adequate  to  meet  the  northern  conditions. 
Methods  which  had  been  condemned  or  tried  with  ill  success  in  other 
countries  have  given  good  results  in  Alaska,  while  the  attempts  to 
apply  hydraulic  or  mechanical  methods  of  established  reputation  else- 
where have  frequently  resulted  in  ignominious  failure. 
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Mining  operations  have  been  made  difficult  by  the  short  available 
season,  the  lack  of  grade  to  the  streams,  poor  water  supply,  poverty 
of  timber  resources,  high  cost  of  labor  and  transportation,  concentra- 
tion of  gold  on  and  in  the  bed  rock,  and  comparatively  large  thickness 
of  barren  overburden,  the  frozen,  or  worse  still,  half-frozen  condition 
of  the  gravel,  lack  of  wagon  roads,  and  inadequate  mining  and  police 
regulations.  In  spite  of  these  obstacles  the  wide  and  fairly  uniform 
distribution  of  alluvial  gold  over  large  areas  of  Alaska,  hitherto  unex- 
ploited,  the  uniformly  healthy  and  even  enjoyable  climate  of  the 
country,  and  the  near  proximity  of  the  phenomenally  rich  gold  fields 
of  the  British  Yukon  Territory,  offer  a  certain  justification  for  the 
present  energetic  prospecting  and  mining  for  gold  over  so  extensive 
an  area. 

The  main  impressions  derived  from  an  inspection  of  the  placer  gold 
fields  of  the  north  are  as  follows:  (1)  Opemtions  requiring  the  instal- 
lation of  expensive  plants  are  frequently  undertaken  before  adequate 
sampling  of  the  ground  has  been  done;  (2)  the  methods  of  mining  and 
conveying  the  auriferous  material,  while  often  leaving  much  to  be 
desired  from  the  standpoint  of  economy,  are,  in  the  main,  developing 
along  favoi'able  lines;  (3)  the  gold- washing  and  gold-saving  appliances 
in  use  are,  in  numerous  cases,  inexcusably  crude  and  inefficient. 

The  winning  of  gold  from  alluvial  material  is  a  business  difficult 
both  to  learn  and  to  conduct  successfully.  The  careful  miner,  like  the 
careful  manufacturer,  will  give  as  much  attention  to  one  part  of  his 
business  as  to  another,  irrespective  of  the  scale  on  which  it  is  conducted. 
The  extensive  but  not  remarkably  rich  gold-bearing  area  of  Alaska 
offers  a  field  for  men  who  propose  to  conduct  their  operations  with 
energy,  intelligence,  and  economy.  To  others  it  can  afford  only 
ultimate  poverty  and  despair. 

The  South  Coast  province  is  characterized  by  heavy  grades,  abundant 
water  supply,  and  good  timber.  Gold-bearing  gravels  arc,  however, 
distributed  in  small  quantity  and,  however  good  the  conditions  for  the 
installation  of  hydraulic  plants,  the  province  remains  an  unimportant 
producer  of  alluvial  gold. 

The  Interior  province  promises  to  continue  for  many  3^ear8  a  fairly 
important  producer.  Geographically  considered,  the  phenomenal 
Canadian  deposits  of  the  Klondike  come  under  this  province.  No 
gravels  approaching  the  Klondike  deposits  in  richness  have  been  found 
on  the  American  side,  but  a  large  area  yet  remains  to  be  prospected. 

Owing  to  the  topographic  conditions,  low  grades  to  creeks,  and 
insufficient  water  supply  at  an  available  elevation,  hydraulicking  on 
any  but  the  smallest  scale  is  impossible.  Many  of  the  creek  deposits 
are  shallow,  and,  besides  the  primitive  method  of  shoveling  into  sluice 
boxes  so  largely  in  practice,  there  is  a  considerable  field  for  the  instal- 
lation of  horse-scraping  methods  and  the  installation  of  simple  mechan- 
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ical  plants.  Solidly  frozen  creek  deposits  exceeding  15  feet  in  depth 
can  be  most  economically  worked  by  drifting  methods,  as  heretofore. 
Experience  gained  in  the  Klondike  has  been  invaluable  to  the  miners 
now  developing  the  new  Fairbanks  field.  There  is  room,  however, 
for  considerable  improvement  and  reduction  of  expense  in  the  methods 
employed. 

The  natural  conditions  prevailing  in  the  Alaska  interior  gold  field 
imply  great  age  and  erosion  subsequent  to  any  deposition  beneath  sea 
level.  Topographic  conditions  exercise  a  remarkable  control  over  the 
methods  which  can  profitably  be  employed  in  gravel  mining,  and  the 
prospective  miner  neglects  a  vital  part  of  his  preparation  if  he  does 
not  study  the  topographic  features  of  a  given  district  in  detail  before 
entering  upon  his  operations.  In  California  and  Australia  the  geologic 
and  topographic  conditions  favor  the  placer  miner.  In  other  coun- 
tries, notably  Siberia,  Alaska,  and  the  Yukon  Territory,  they  are  inimi- 
cal to  his  success.  In  Alaska,  as  a  rule,  alluvial  gold  is  almost  entirely 
lacking  where  timber  and  water  are  plentiful,  grades  are  steep,  and  the 
ground  is  unfrozen.  Where  gold  is  distributed  in  paying  quantity, 
water  supply  is  inadequate,  timber  is  poor  or  altogether  lacking,  the 
miner  must  provide  grade  for  his  boxes  and  dump  for  his  tailings  by 
artificial  means,  and  must  meet  the  formidable  obstacle  of  solidly  fro- 
zen alluvium.  Bench  deposits,  where  gravel  can  be  moved  on  natural 
grade,  occur  in  both  the  Fortymile  and  Rampart  districts  of  interior 
Alaska,  and  have  been  made  to  produce  a  small  amount  of  gold  by  the 
hydraulic  method.  Although  it  is  not  impossible  that  extensive  and 
valuable  bench  deposits  may  yet  be  found,  no  deposit  comparing  either 
in  extent  or  in  richness  with  the  famous  ''White  Channel  "of  the 
Klondike  has  been  discovered. 

In  that  portion  of  the  Alaska  interior  lying  between  Circle,  on  the 
Yukon,  and  Fairbanks,  on  the  Tanana,  the  mountains  rise  to  heights  of 
from  1,500  to  2,000  feet  above  the  level  of  the  streams,  have  rounded 
tops,  and  slope  to  the  intervening  valleys  at  angles  which  do  not  exceed 
20  degrees,  and  often  are  not  greater  than  10  degrees.  The  streams 
and  valleys  are  on  a  gently  descending  plain,  the  grade  of  which  does 
not  exceed  3  per  cent,  except  in  the  upper  one-half  mile,  and  frequently 
is  not  over  1  per  cent.  The  mountains  are  referred  to  by  the  inhabi- 
tants as  "domes,"  and  the  word  fairly  well  describes  them.  They 
present  what  corresponds  most  nearly  to  the  upper  segment  of  a  great 
ellipsoid  except  in  places  where  the  erosion  has  not  been  sufllcient 
to  accomplish  the  obliteration  of  a  still  more  ancient  topography. 
This  ancient  surface,  remnants  of  which  are  visible  on  the  tops  of  the 
highest  mountains,  was  evidently  a  base-leveled  plain,  which  was 
approximately  2,500  feet  above  the  present  drainage  plain.  Although 
the  base-leveling  is  apparent  to  the  eye,  it  is  not  evinced  by  the 
presence  of  rounded  gravel  on  its  surface.    The  lack  of  gravel  is 
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accounted  for  by  the  fact  that  the  second  denudation  has  progressed 
for  a  great  period,  and  the  comparatively  small  amount  or  vertical 
section  of  gravel  which  existed  subsequent  to  the  elevation  has  been 
worn  away. 

In  the  Klondike  recent  streams  have  cut  the  old  Pleistocene  chan- 
nels and  have  reconcentrated  the  gold.^  The  gold  is  about  equally 
distributed  in  the  old  and  in  the  new  gravels.  From  the  miner's 
standpoint,  therefore,  in  the  Klondike  region  there  are  two  great 
classes  of  mining  to  be  considered,  namelj^  creek  mining  and  bench 
mining.  Outside  of  these  two  classes  there  is  no  mining  in  the  Klon- 
dike of  productive  importance. 

In  the  Birch  Creek  district,  especially  on  Deadwood  Creek,  there  is 
a  very  small  amount  of  gravel  in  low  benches  which  may  be  termed 
hillside  deposits.  The  bulk  of  the  mining,  perhaps  90  per  cent  of  it, 
is  creek  mining  in  its  various  forms.  The  terms  bench  deposit,  hill- 
side deposit,  and  the  like  are  very  loosely  applied  by  the  miners  of  the 
Northwest,  and  names  are  given  to  classes  of  mining  to  which  they 
do  not  in  any  sense  apply.  This  looseness  of  nomenclature  is  apparent 
in  the  Fairbanks  district,  where  the  term  bench  raining  is  applied  on 
Cleary  Creek  to  operations  in  progress  on  the  left  bank  of  the  stream 
at  a  place  one-fourth  mile  above  the  junction  of  Cleary  and  Chatham 
creeks.  But  whereas  the  depth  to  bed  rock  in  the  main  creek  at  this 
point  is  18  feet,  the  depth  on  the  so-called  bench,  700  feet  to  the  left, 
is  53  feet,  and  the  level  of  the  bed  rock  at  which  the  gravel  is  found 
is  practically  the  same.  In  the  one  case,  namely,  in  the  creek  work- 
ing, the  overburden  is  6  feet  of  muck,  while  in  the  ''bench"  to  the 
left  the  overburden  is  over  45  feet  of  muck.  The  gently  sloping  side 
of  the  valley  at  this  point  is  unbroken  in  outline. 

Observations  along  the  various  producing  creeks  and  from  the 
hilltops  have  failed  to  distinguish  any  traces  of  bench  topography 
in  the  Fairbanks  district.  Such  placer  mining  as  is  carried  on  there 
comes  under  the  head  of  creek  mining.  Geological  evidence,  how- 
ever, suggests  that  bench  deposits  occur  in  the  region  lying  between 
the  Fairbanks  and  Rampart  districts. 

The  methods  applicable  to  bench  mining  at  Dawson  can  not  be 
used  in  the  Fairbanks  district,  and  all  thought  of  applying  them  must 
be  eliminated.  The  country  being  in  every  sense  of  more  gentle 
topography,  there  is  no  room  for  the  disposal  of  tailings  from  bench 
operations  conducted  by  hydraulicking. 

On  Pedro  and  Twin  creeks  there  are  about  2  miles  of  ground  less 
than  15  feet  in  depth  which  can  be  worked  by  open  cutting,  either  by 
shoveling  into  sluice  boxes  or  by  derricking.  On  a  portion  of  this 
ground  it  is  possible  to  handle  the  water  by  bed-rock  drain.  Open- 
cut  mining  has  also  been  successful  on  Chatham  Creek  near  its  junc- 

aSee  McConnell,  R.  G.,  Preliminary  report  on  the  Klondike  gold  fields:  Geol.  Survey  Canada,  1900* 
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tion  with  Cleary.  In  all  other  portions  of  the  district,  so  far  as 
developed,  drift  mining  according  to  the  Klondike  system  of  thawing 
either  by  steam  or  hot-water  hydraulicking,  hoisting,  and  conveying 
by  means  of  the  self-dmnping  bucket  on  cable  tram  will  probably  be 
found  most  economical.  I  would  suggest  the  method  of  underground 
hot-water  hydraulicking  to  the  miners  of  Cleary  Creek,  while  on 
Fairbanks  Creek  steam  thawing  appears  to  be  advisable.  The 
efficiency  of  the  hot- water  method  as  used  in  the  Klondike  is  from  5 
to  6  cubic  yards  per  horsepower  generated  in  the  boiler  as  against 
3  cubic  yards  with  steam.  The  method  can,  however,  be  applied  only 
under  certain  favorable  conditions. 

In  Seward  Peninsula  the  greater  rainfall^  larger  catchment  areas 
at  the  heads  of  the  long  rivers,  and  the  comparative  cheapness  with 
which  ditches  can  be  constructed  has  led  to  the  investment  of  much 
capital  in  long  water  conduits.  For  example,  a  ditch  system  of  54 
miles,  built  at  an  expenditure  of  $300,000  and  costing  $15,000  annually 
to  maintain,  supplies  2,000  miner's  inches  of  water  at  360  feet  head  for 
four  months  in  the  year.  Approximately  200  miles  of  ditches  have 
been  built  in  various  parts  of  the  peninsula.  Excavations  of  earth- 
work for  ditch  building  in  the  peninsula  average  $1  per  cubic  yard. 

Hydraulicking  without  the  use  of  hydraulic  lifts  is  economically 
impossible,  except  in  extremely  rare  cases.  Bench  gravels  in  the 
front  of  Anvil  Mountain,  facing  the  sea,  can  be  hydraulicked  if  water 
at  a  sufficient  head  can  be  obtained  at  an  expense  which  is  not  pro- 
hibitive. The  remarkable  ancient  gravel  channel  which  cuts  the 
southern  portion  of  the  peninsula  from  east  to  west,  extending  from 
Fish  River  along  Casadepaga  and  Kuzitrin  rivers  to  Port  Clarence, 
lies  at  so  low  a  level  that  the  present  streams  have  not  cut  through 
it  to  bed  rock.  Except  where  subordinate  pay  streaks  exist  in  it. 
above  the  present  stream,  therefore,  the  physiographic  conditions 
will  forbid  its  gravels  being  hydraulicked,  while  any  other  form  of 
open  cutting  is  manifestly  impossible.  It  has  been  little  explored, 
and  portions  of  it  may  be  found  rich  enough  to  drift. 

Horse  scraping,  steam  or  power  scraping,  derricking,  and  the  appli- 
cation of  the  mechaniciil  shovel,  accompanied  in  most  cases  by  ground 
sluicing  of  the  frozen  muck,  should  receive  consideration  from  the 
creek  operators  in  Seward  Peninsula,  where  the  deposits  are  less 
than  15  feet  in  depth.  The  low  price  of  winter  labor  ($2.50  a  day  and 
board)  should  permit  of  an  increasing  amount  of  winter  drifting  work 
throughout  the  peninsula. 

It  will  doubtless  eventually  be  found  that  the  power  of  water  under 

pressure  can  be  more  successfully  applied  to  the  working  of  the 

average  Seward  Peninsula  placer  by  generating  electric  power  and 

applying  it  to  various  nfechanical  devices.     While  it  can  not  be  denied 

Ball.  263— 05— 3 
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that  some  of  the  hydraulic  elevator  installations  are  handling  the 
gravel  at  a  profit,  the  contrivance  is  a  makeshift,  and  its  use  forms  no 
part  of  bona  fide  hydraulic  mining. 

COST  OF  MINING. 

The  average  value  of  fuels  in  Alaska  as  shown  by  present  operations 

is  as  follows: 

Cogt  of  fuels  available  for  use  in  Alaska, 

Bituminous  coal,  price  at  Nome $17  per  ton  (2,000  pounds) 

Crude  oil  at  Nome $3  per  barrel 

Spruce  wood,  average  price  in  the  interior $12  per  cord 

Experience  in  the  Nome  district  indicates  that  California  crude  oil  is 
the  most  economical  fuel  available  in  the  southern  part  of  Seward 
Peninsula.  In  the  interior  of  Alaska  the  price  of  imported  crude  oil 
renders  its  use  prohibitive  for  mining  operations. 

The  recently  exhibited  tests  of  the  adaptability  and  efficiency  of 
gas-producing  engines  should  receive  attention  from  operators  who 
contemplate  the  installation  of  mechanical  plants  in  any  part  of  Alaska. 
There  is  no  question  that  bituminous  coal  and  lignite  can  be  utilized 
for  gas  producers,  giving  proportionately  better  results  than  anthra- 
cite. An  engineer  operating  a  large  pumping  plant  in  the  Klondike 
is  of  the  opinion  that  even  the  poor  spruce  wood  available  for  fuel  in 
interior  Alaska  can  be  utilized  in  the  gas-producer  engine.  The  prej- 
udices which  exist  againt  the  explosion  type  of  engine  in  the  United 
States  are  fast  disappearing.  They  have  been  due  to  faulty  construc- 
tion of  the  engines  and  lack  of  knowledge  of  their  principle  among 
those  who  attempt  to  operate  them.  The  present  valid  objections  to 
installing  gas  and  gas-producer  engines  are  that  these  engines  are 
undergoing  a  process  of  evolution,  and  the  standard  has  not  been 
attained.  According  to  Mr.  M.  R.  Campbell,  the  Government  coal- 
testing  plant  at  St.  Louis  has  demonstrated  that  a  gain  of  from  30 
to  50  per  cent  of  efficiency  is  attainable  in  the  gas-producing  as 
compared  with  the  steam-producing  engine. 

The  comparatively  low  cost  of  California  crude  oil  at  Nome  renders 
it  a  valuable  fuel  for  the  mining  operations  in  that  vicinity.  The  sat- 
isfactory results  from  one  type  of  gas  engine  at  St.  Louis  showed  that 
crude  oils  of  widely  varying  composition  can  be  used  with  a  higher 
efficiency  in  generating  gas  for  explosive  engines  than  in  generating 
steam. 

The  purchase  of  water  for  hydraulic  or  sluice  purposes  is  not 
general  in  Alaska.  In  Seward  Peninsula  water  under  natural  head 
or  pumped  water  is  sold  to  miners  to  a  limited  extent.  The  average 
price  is  $1  per  miner's  inch,  twenty-four  hours'  service,  for  water 
under  head  and  50  cents  for  sluice  water.  The  inch  used  corresponds 
to  1.2  cubic  feet  per  minute.  This  measure  of  the  miner's  inch  is 
not  accepted  in  this  report.     The  miner's  inch,  according  to  its  best 


Digitized  by  VjOOQIC 


TORiwoTON]  COST   OF   MINING.  35 

definition,  which  is  followed  in  this  report,  corresponds  for  all  prac- 
tical purposes  to  a  flow  of  1.5  cubic  feet  per  minute.  It  is  to  be  hoped 
that  if  the  Federal  Government  ever  succeeds  in  establishing  an  ade- 
quate code  of  mining  law  for  its  possessions  a  definition  of  the  miner's 
inch  will  be  included. 

The  data  in  the  table  on  page  38  were  compiled  from  statistics  col- 
lected during  an  inspection  made  in  the  summer  of  1904  of  the  placer 
fields  in  Alaska,  Yukon  Territory,  and  northern  British  Columbia. 
Of  the  statements  furnished  by  operators,  only  those  which  are  con- 
sidered reliable  have  been  used.  The  work  atten^pted  had  no  relation 
to  the  sampling  or  valuing  of  mining  properties,  and  time  did  not 
permit,  except  in  a  few  cases,  the  measuring  of  the  ground. 

Owing  to  the  varying  conditions  governing  the  cost  of  mining  in 
the  North,  the  Territory  has  been  divided  into  three  provinces.  The 
South  Coast  province  includes  the  Juneau,  Porcupine,  and  Sunrise 
districts  of  Alaska.  The  Interior  province  includes  the  Atlin  district 
of  British  Columbia,  the  Klondike  district  of  Yukon  Territory,  and 
the  Fortymile,  Eagle,  Birch  Creek,  Fairbanks,  and  Bampart  districts  of 
Alaska.  The  Seward  Peninsula  province  includes  the  Nome,  Council 
and  Solomon  districts  of  Alaska. 

The  Nizina  district  of  the  South  Coast  province  and  the  Port  Clar- 
ence, Fairhaven,  and  Kougarok  districts  of  Seward  Peninsula,  none 
of  which  were  visited,  are  separately  considered. 

In  preparing  the  sheet  the  working  costs  of  118  different  operations 
were  first  tabulated  with  reference  to  the  method  employed  and  to 
situation.  A  second  table  was  then  prepared,  in  which  the  working 
cost  was  augmented  by  an  amount  per  cubic  yard  based  on  allowance 
for  depreciation  of  plant.  In  general,  six  years  was  taken  as  the  aver- 
age life  of  an  individual  property,  and,  except  in  the  case  of  winter 
drifting  operations,  one  hundred  and  twenty  days  as  the  working  sea- 
son. It  was  then  assumed  that  five  annual  payments  are  made  to  a 
depreciation  fund.  The  fund  is  equivalent  to  the  cost  of  plant  and 
maintenance  during  the  life  of  the  property  plus  six  years'  simple 
interest  on  the  investment  at  5  per  cent.  Each  annual  payment  was 
divided  by  the  season's  output  in  cubic  yards,  and  the  amount  thus 
obtained  was  added  to  the  daily  working  expenses,  to  get  the  total 
output  cost  per  yard,  as  far  as  possible.  Prices  paid  for  mining 
property  are  not  considered,  as  they  represent  an  unknown  factor. 

In  cases  where  expensive  plants  have  been  installed  the  amortiza- 
tion was  calculated  separately  for  each  case. 

In  cases  of  shoveling-in  and  small  mechanical  plants,  the  installation 
and  maintenance  cost  was  taken  at  an  average  amount  for  a  group  of 
operations  in  each  district  Where  the  operation  implies  an  additional 
stripping  of  overburden,  which  is  always  separately  charged,  the  cost 
was  distributed  and  added  to  the  gravel  extraction  cost. 
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From  the  second  table,  where  the  costs  were  reduced  to  one  figure 
for  each  district,  a  third  (table  1,  p.  38)  was  prepared,  giving  as  nearly 
as  possible  the  average  cost  for  each  of  the  seventeen  separate  methods 
considered  in  one  or  more  of  the  three  provinces.  Where  the  opera- 
tions from  which  the  averages  are  derived  exceed  two  in  number, 
the  fact  is  so  indicated  in  the  table. 

The  attempt  has  been  made  to  reject  figures  which  were  evidently 
not  representative.  The  final  figure  arrived  at  is  not,  however,  always 
satisfactory.  For  example,  under  No.  5  (the  method  of  working  open 
cut  by  shoveling  into  wheelbarrows,  wheeling  to  bucket,  hoisting  and 
conveying  to  sluice  by  self -dumping  carrier  on  cable)  $2.14  is  repre- 
sentative for  the  Klondike,  where  seepage  water  is  generally  pumped 
from  the  pit,  and  many  operators  pump  the  water  for  sluicing.  On 
the  other  hand,  at  a  plant  in  the  Birch  Creek  district  of  Alaska,  mining 
only  22  cubic  yards  per  day  and  handling  the  water  by  a  drain,  the 
cost  of  operation  was  $1.50  per  cubic  yard.  In  No.  13  (drifting 
solidly  frozen  ground,  steam  or  hot- water  thawing,  hoisting  and  con- 
veying with  the  use  of  the  self -dumping  bucket)  the  cost  in  the 
Klondike  is  $1.95,  while  the  higher  figure  given  is  arrived  at  by 
combining  the  expensive  American  camps  of  Fortymile  and  Fairbanks, 
where  the  cost  is  $4.63  and  $3.56,  respectively. 

The  high  cost  of  hydraulicking  with  use  of  hydraulic  lift  in  Seward 
Peninsula  is  caused  by  the  difficulty  of  moving  the  gravel  to  the 
bed-rock  sluice^  and  the  expense  of  the  ditches  and  installations. 
Hydraulicking  by  means  of  water  under  natural  head  without  the  use 
of  the  hydraulic  lift,  or  some  other  means  of  elevating  the  material, 
was  not  seen  by  me  in  Seward  Peninsula.  It  is  understood  that  a 
hydraulic  plant  is  in  successful  operation  at  Bluff,  50  miles  to  the  east 
of  Nome,  but  there  are  no  data  at  hand  concerning  it. 

In  the  interior  only  bench  gravels  are  hydraulicked.  Steeper  grades 
for  sluices  can  be  obtained,  and  the  gravel  is  more  easily  moved.  The 
high  duty  of  the  miner's  inch  in  the  Klondike  is  a  large  factor  in  bring- 
ing down  the  cost  of  No.  1  and  No.  16. 

It  should  be  distinctly  understood,  if  hydraulicking  costs  in  the 
interior  appear  attractively  low,  that  the  water  supply  is  exceedingly 
variable,  and  that  no  reliable  estimate  can  be  made  beforehand  of  the 
output  of  a  given  season's  operations.  Furthermore,  while  much  of 
the  bench  gravel  was  originally  rich,  the  pay  streaks  have  been  largely 
drifted  out,  and  the  gold  is  not  disseminated  through  the  upper  por- 
tion of  the  gravel  to  the  extent  that  it  is  in  the  California  gravel 
banks.  With  regard  to  the  pumping  of  water  for  hydraulicking  pur- 
poses, the  practice  can  not  be  too  strongly  condemned.  He  is  a  bold 
man  who  attempts  it,  and  a  singularly  fortunate  one  who  makes  a  finan- 
cial success  of  it. 


a  This  1b  caused  not  only  by  the  exceedingly  gentle  grades  of  the  streams,  but  also  by  the  shingly 
character  of  the  material  handled. 
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Mr.  Stephen  Birch,  operating  in  the  Nizina  district  of  Alaska,  has 
courteously  furnished  for  this  report  a  supiraary  of  the  costs  of  Work- 
ing placer  ground  on  Dan  Creek.  These  figures  are  given  separately 
(p.  39)  after  the  table,  as  they  imply  a  total  charge  of  invested  capital 
in  addition  to  working  costs  against  one  season's  operations.  They 
are  worth  the  attention  of  prospective  placer  miners. 

The  cost  of  shoveling  into  sluice  boxes  in  the  remote  parts  of  Seward 
Peninsula  is  at  present  from  ^  to  $5  per  cubic  yard.  Some  drifting 
operations  have  been  carried  on  in  the  Kougarok  and  Fairhaven  dis- 
tricts, on  which  figures  are  hot  at  hand. 

Dredging  estimates  furnished  by  reliable  interior  operators  place 
the  cost  at  80  cents  per  cubic  yard  where  gravel  must  be  thawed  by 
points  ahead  of  the  dredge.  In  Seward  Peninsula  it  is  estimated  that 
if  the  property  is  sufficiently  large  for  a  ten-year  life,  a  dredge  can  be 
opetated  at  the  cost  of  30  cents  per  cubic  yard.  The  field  for  dredges 
in  placer  mining  in  Alaska  is  extremely  limited.  In  Seward  Peninsula 
it  is  riot  impossible  that  some  of  the  wide,  shallow  creek  deposits  will 
be  worked  successfully  by  means  of  the  steam  scraper.  The  cost  of 
an  experimental  operation  on  Ophir  Creek  was  reported  to  be  under 
20  cents  per  cubic  yard. 

The  costs  of  operating  by  two  mechanical  systems  in  Seward  Pen- 
insula (involving  the  labor  of  men  in  shoveling  into  cars  and  tram- 
ming to  the  bottom  of  an  incline,  or  into  a  bed-rock  sluice  leading  to 
hydraulic  elevator  throat)  are  unfortunately  not  available  for  publi- 
cation. The  derricking  system.  No.  7,  however,  both  in  the  interior 
and  in  Seward  Peninsula,  appears  to  be  superior  in  point  of  cost  to 
either  of  the  above  mentioned  methods  for  working  the  average 
Alaska  open  cute. 

Frozen  ground  can  not  be  attacked  with  success  by  the  steam  shovel. 
Even  where  it  digs  the  gravel  successfully,  if  men  follow  it  to  clean 
bed  rock  by  hand,  the  cost  of  operating  is  sometimes  doubled.  The 
steam  shovel  has,  however,  a  field  in  northern  placer  mining. 

Regarding  mechanical  operations  in  general,  the  important  princi- 
ple should  be  emphasized  that  the  main  expense  is  getting  the  mate- 
rial into  the  receptacle  which  conveys  it  to  the  sluice  or  washing  plant. 
Tramming  even  for  a  long  distance,  and  to  a  considerable  elevation, 
adds  a  very  small  proportionate  amount  to  the  total  cost  of  working. 
The  establishment  of  a  permanent  washing  plant,  economically  situated 
as  regards  water  supply  and  dump,  should  be  considered  by  every 
Alaskan  miner  who  proposes  working  the  shallow  creek  deposits 
which  chamcterize  that  country.  The  isolation  of  the  washing  opera- 
tions, together  with  the  adoption  of  the  most  economical  system  of 
tramming  possible,  will  go  far  toward  attaining  the  ends  of  adequate 
grade  and  room  for  tailings,  which  are  the  essential  features  of  suc- 
cessful gravel  mining. 


Digitized  by  VjOOQIC 


38 


GRAVEL    AND    PLACER   MINING    IN    ALARKA. 


[BULL.  263.- 


'9l1i2  19% 


'J91VM,  pddnrad 
}o    eatom    Xq     Snpiann«jpXH 


uapjnqjdAo  ^a{adfj)8  jo  zorniK 


1. 


1 

*i 

IS 

I 


51 


0» 


I 


H 

n 
H 


'Bdnmp  JO  J9ap 


*Su|J9q 
-mponjo  9nin  'ponoi^aazoii 
Xtpiios    SapAvqi    pnv  JSnpjfja 


J8a|J9qtiii)  JSapitibaj  panoiX 
A«qi  JO  adzoj}  Xpiwi  J8u})j|J(I 


pdAvqi 


'JSai^paja 


-n«1  JO  T{ioM.  SafddiJ^s  oo  ii[« 
-lanaS  :Siii]d«j36  ni«d)0  !)na  u9do 


'd9jni60)9un9U(  paB  i(3«ii  :Sa{ 
-)BA«ox9  idAoqe-nrea^s  t^no  aadQ 


•IJII  onnwpiq  Xq  8«n|ij«» 
:aapiis  o)ui  iraipAoqs  i^no  nado 


•aojnis  oi  8a{3i3pj3p  po« 
';8ii1ininui)J0JSu|ppi]|8  isaisfsjo 
sia^iaiiq  Oixx]  SandAoqs  !!)n3  nddo 


'dOfnis  o)  dap[9af  pa«  :ii9VJ) 
:u90  0)ai  i8ai[dAoq8   t)na  uado  | 


aainie  oj  miu%  a[q«9  :)ai[an< 
o)  i^[aoqM  ::8an9Aoqs  t^na 


*^fdiMa8  aaioq  t)na  nado 


-Saidumd  oo  :^Jip 
do;  Sii]dd(i)8  Xuipntoni  'saxoci 
ODjnis  ojiii  ;8u|i9AOq8  !^no  uado 


'jo9BAd[a  ajinvip 


JO  J^jdmnd  ou  'Xai^onnBipXH 


J-f§ 


srss 


8^- 


^ 


l^  »o  '«• 

8  -*■  » 


^ 


1^3^ 


>  ^  »o  t^  » 
^  "^  ^  '^ 

"8 


si 


>  to  Ok  UO 

si 


gs^^s? 


00  CS  lA  lO  -"li 


CO  -^  -^  © 


si 


Q   00   oo   CO 


O  lO  iH  ^ 
iS   tH   r-l   0» 


**  "  ^  *  '^  ^ 


>  ^  to  eo  r» 

'   S   «  00       . 

s; 


'i^^ 


8 


>  CO  00  < 


I  »  •««•  -^  5 


11  ;i 


§  85 


"  -2  Si- 


C   «  0) 


11 


^  2 


s  ^  c  ^ 

^.  O  H  H  < 


ell 


12 
as 


2  2  CI  *>  £ 

5?  0)  .s  »©  be 

S  of  o  o 

g  £  ^"  I  i 

^  ^    «  44  J4  ^ 

S  S  S  ii  ^  ♦- 


i  i 


SfiS 

5*  (U  O 

S  ^  s 

60^ 


*  te  o 


^1 

a  >  > 

III 

«3  $  o 

si 

Pva 

a| 


II 


gl5 
ill. 

O  09  „ 


Digitized  by  VjOOQIC 


PTBiKOTON.)  PROSPECTING.  39 

Mr.  Stephen  Birch,  in  a  letter,  gives  the  cost  of  placer  work  on  Dan 
Creek,  Nizina  district,  Alaska,  as  follows: 

By  ground  sluicing  through  20-inch  flume:  6,803  cubic  yards,  $8,781.44,  or  $1,143 
per  cubic  yard. 

By  use  of  8-inch  cotton  pressure-hoee  and  nozzle  through  20-inch  flume:  1,600 
cubic  yards,  $1,467,  or  $0.91  per  cubic  yard. 

By  use  of  pick  and  shovel  only,  through  10-inch  sluice  box:  2,320  cubic  yards, 
$5,100,  or  $1,875  per  cubic  yard. 

A  273-foot  tunnel,  6  feet  by  6  feet,  timbered:  $1,017,  or  $3,725  per  running  foot,  or 
407  cubic  yards  of  gravel  removed,  which  costs  $2.50  per  cubic  yard. 

While  the  cost  given  above  may  seem  high,  it  is  because  of  the  fact  that  it  includes 
the  cost  of  the  tools  and  material  now  on  hand,  which  were  necessary  to  remove 
this  gravel.  Now,  if  this  work  is  continued  on  for  a  number  of  years,  the  deprecia- 
tion of  the  tools,  etc.,  could  by  charged  proportionately.  These  prices  may  not  be  a 
.  criterion  for  future  operations  in  that  country  but  were  our  first  cost  of  operation, 
and  any  strangers  going  into  that  section  of  country  would  be  apt  to  run  up  their 
costs  to  these  figures. 

PROSPECTING. 

Creek  claims  must  be  prospected  by  shafts,  open  cuts,  or  drill  boles. 
Shafts  are  generally  used  and  are  most  practicable  for  the  Alaska  miner. 
Open  cuts  are  not  practicable,  except  in  very  shallow  ground.  Drill- 
ing requires  expensive  equipment,  the  machines  costing  from  $3,500 
to  $4,000  delivered  in  Alaska.  As  a  means  of  prospecting  auriferous 
gravels  drilling  is  very  satisfactory,  but  it  is  generally  employed  only 
in  deep  gravel  beds,  where  dredging  is  contemplated.**  In  such  ground 
excess  of  water  prohibits  the  sinking  of  shafts.  The  cost  of  drilling 
with  a  6-inch  core  churn  drill  is  $2.50  per  foot  in  California,  and  the 
tests  of  the  deep  gravels  of  the  coastal  plain  have  shown  it  to  be 
practically  the  same  in  the  vicinity  of  Nome,  on  Seward  Peninsula. 
The  cost  of  drilling  depends  on  the  price  of  labor  and  fuel,  and  will 
probably  be  about  $3.50  per  foot  in  the  interior  of  Alaska.  Unless 
contractors  are  found  already  equipped  to  do  the  work,  drilling  is  more 
expensive  than  sinking  pits,  the  cost  of  which  varies  from  $3  to  $8  in 
Alaska  placer  fields. 

In  the  solidly  frozen  ground  encountered  in  northern  placers  it  is 
not  necessary  to  sink  the  casing  around  the  pipe  as  in  ordinary  drill- 
ing. In  partly  frozen  ground,  where  the  casing  is  necessary,  much 
difficulty  has  been  found  in  pulling  it  up.  A  driller  of  the  churn  type 
is  shown  in  PI.  Ill,  A  (p.  40),  mounted  on  a  scow  for  prospecting 
the  bedof  Snake  River,  Seward  Peninsula.*  The  results  obtained  by 
drilling  when  compared  with  actual  tenor  of  the  ground  are  variable. 
In  testing  the  bed  of  Solomon  River  the  results  were  found  to  run  7 

a  See  a  further  def?cription  of  prospecting  by  drill  holes,  by  Mr.  J.  P.  Hutchins,  in  the  chapter  on 
dredging,  later  in  this  report. 

6  For  description  of  drilling  operations  in  testing  placer  ground  see  Knox,  N.  B.,  Dredging  and 
valuing  dredging  ground  at  Oroville,  California:  Trans.  Inst.  Mining  and  Metallurgy,  June  18, 190S. 
Also  Smith  and  Stebbins,  Gold  dredging  at  Oroville:  Bng.  and  Min.  Jour.,  Dec.  8, 1904. 
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per  cent  lower.  In  all  parts  of  Alaska  drill  holes  should  be  not  less 
than  100  feet  apart,  on  account  of  the  unequal  distribution  of  the  gold. 
Geologic  conditions  at  Oroville,  or  in  other  dredging  fields  of  flood- 
plain  character,  are  radically  different.  There  the  ratio  of  holes  is  1 
to  an  acre  or  1  to  5  acres. 

Shallow  bench  gravels  can  occasionally  be  prospected  by  diverting 
a  high  stream  or  water  from  a  ditch  in  a  direction  transverse  to  the 
gold-bearing  channel.  The  water  will  ground  sluice  a  trench  to  bed 
rock,  thus  crosscutting  the  ground.  Such  prospecting  is  done  in  the 
Fortymile  district,  and  an  example  of  it  was  seen  on  Gold  Bottom 
Creek,  in  the  Council  disfrict  of  Seward  Peninsula. 

Bench  gravels  covered  by  heavy  overburden  are  usually  prospected 
by  drifts.  Drifts  require  timbering  and  are  more  expensive  than 
shafts,  but  give  a  more  satisfactory  test  of  the  ground.  In  rich  pay 
streaks  the  running  of  prospect  drifts  often  more  than  pays  the  cost. 
Owners  of  claims  sometimes  get  their  ground  partly  prospected  by 
letting  out  the  right  to  drift  to  two  or  more  men,  who  pay  a  royalty 
on  the  gold  they  take  out.  In  the  Nizina  district  a  20  per  cent  royalty 
is  charged  on  prospect  work. 

When  ground  is  prospected  by  shafts  the  distance  between  the  shafts 
varies,  although  the  variation  is  not  so  great  as  when  the  prospecting 
is  none  by  drill  holes.  The  practice  in  Alaska  varies  according  to  the 
work,  the  resources  of  the  owner,  and  the  depth  of  the  ground.  Where 
the  ^old  has  not  traveled  far  and  in  consequence  the  values  are  spotted, 
shafts  should  be  sunk  30  to  50  feet  apart,  but  such  close  work  is  never 
done.  Twenty  shafts  to  a  20-acre  claim  are  common.  Shallow  ground, 
6  to  18  feet  deep,  can  be  well  and  cheaply  prospected  in  the  winter 
months.  Deep  ground,  as  in  the  Fairbanks  field,  is  expensive  to  pros- 
pect, and  the  prospect  shafts  do  not  average  four  to  a  claim.  The 
cost  of  sinking  shafts  in  the  various  camps  is  given  below. 

Twenty  shafts,  3i  by  6  feet  and  12  feet  in  depth,  timbered  in  thawed 
ground,  or  untimbered  in  frozen  ground,  cost  from  $1,200  to  $2,000. 
If  steam  thawing  is  employed,  the  outfit,  consisting  of  a  6-horsepower 
boiler,  three  or  four  steam  points,  steam  hose,  and  pipe  connections, 
will  cost  from  $300  to  $500.  Hot  stones,  hot  water,  and  wood  fires 
are  more  generally  employed  in  prospecting  ground  in  the  remote 
camps.  The  hardest  ground  to  prospect  is  that  which  is  partly  frozen. 
For  example,  in  the  Birch  Creek  and  Fortymile  districts  shafts  15 
to  ^5  feet  in  depth  penetrate  frozen  ground  and  require  no  timbering 
until  they  are  within  5  feet  of  bed  rock,  when  a  rush  of  water  is  fre- 
quently encountered.  The  entire  labor  of  sinking  the  shaft  through 
the  overlying  barren  material  may  be  lost,  as  the  shaft  may  be  flooded 
before  pay  gravel  is  reached. 
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COST  OF  PROSPECTING  IN  DIFFERENT  LOCALITIES. 

In  the  Juneau  district  prospect  shafts  must  be  square  set,  and  cost 
on  an  average  $6  a  foot,  and  in  heavy  landslide  $20  a  foot.  In  the  Por- 
cupine district  the  cost  of  a  cut  25  by  12  feet  and  40  feet  deep  is  $50  per 
foot,  and  that  of  an  8-  by  8-foot  shaft  is  $20  per  foot.  In  the  Sunrise 
and  Chisna  districts  ground  is  prospected  by  open  cuts.  A  cut  50  feet 
in  length  is  reported  to  cost  $2,000. 

At  Atlin  ground  is  prospected  mostly  by  drifting.  On  McKee  Creek 
tunnels,  timbered  and  lagged,  cost  $3.50  per  foot.  On  Spruce  Creek 
the  cost  of  posts  and  caps,  10  inches  thick  and  6  feet  long,  is  50  cents 
each;  lagging,  10  cents  each.  On  Gold  Run  thirty  6-inch  holes  are  said 
to  have  been  drilled  to  a  depth  of  32  feet  by  a  churn  drill  (cost,  $3,500, 
laid  down),  at  the  rate  of  $1  a  foot. 

In  the  Klondike  drifts  to  prospect  the  bench  gravels  cost  $7  to  $8 
a  foot,  timbered,  and  shafts  from  $5  to  $10  a  foot.  In  timbering,  three 
sets  of  posts,  sill,  cap,  and  lagging  are  put  in  for  $6,  and  as  one-half 
cord  of  wood  is  u^ed  to  a  set  the  whole  cost  is  $7  per  set.  In  frozen 
creek  ground  two  men,  working  three  shifts,  sunk  a  pit  5  feet  square, 
28  feet  deep,  using  about  2-horsepower  steam  during  thirty  hours. 

On  Fortymile  Creek,  thawing  ten  hours,  two  men  take  out  on  an 
average  4  feet  a  day,  the  shaft  being  5  feet  by  3^  feet  in  dimensions. 
On  American  Creek  prospecting  is  very  difficult,  as  running  water  is 
always  encountered  at  bed  rock,  even  in  the  coldest  weather. 

In  the  Fortymile  district  shafts  averaging  3^  by  6  feet,  untimbered, 
cost  from  $3  to  $5  per  foot.  Seven  shafts  4  by  8  feet  and  23  feet  deep 
cost  $2,000.  A  shaft  7  by  3^  feet  and  20  feet  deep  cost  $5  per  foot, 
the  thawing  being  effected  by  means  of  wood  fires  and  steam. 

In  the  Birch  Creek  district  shafts  thawed  down  by  wood  fires  to  a 
depth  not  exceeding  20  feet  cost  $5  per  foot.  On  Mastodon  Creek,  in 
this  district,  11  pits  3  by  6  feet  and  20  feet  deep  cost  $650.  Twenty 
pits  3  by  6  by  13  feet  cost  $7  per  foot.  The  differences  in  cost  here 
are  due  to  the  varying  amount  of  permanent  frost  in  the  ground,  pros- 
pecting always  being  cheapest  in  solidly  frozen  ground.  On  Mammoth 
Creek  100  pits  10  feet  deep  cost  $5  per  foot.  Wood  fires  were  used, 
2  feet  being  sunk  each  day.  No  timbering  was  required,  and  labor 
was  paid  $10  a  day. 

In  the  Fairbanks  district  the  prospect  shafts  cost  from  $7  to  $10  per 
foot.  Timbering  is  generally  necessary,  but  very  light  poles  are  used 
either  as  lagging  or  cribbing.  The  best  system  is  to  put  in  6-foot  sets 
of  3-inch  poles,  and  outside  of  these  to  lag  with  2-inch  poles  vertically, 
filling  in  solidly  between  the  poles  and  the  muck  or  gravel  with  moss. 
Shafts  cribbed  with  poles  horizontally  are  more  likely  to  get  out  of 
plumb.  Four  shafts  sunk  on  lower  Fairbanks  Creek  cost  $5  per  foot, 
and  were  32,  44,  53,  and  54  feet  deep.  On  Cleai-y  Creek  a  shaft  4  by 
6i  feet  and  75  feet  deep  (hillside  claim),  cribbed  with  3-inch  poles,  cost 
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$560.  Wood  fires  were  used  in  thawing.  On  Pedro  Creek  19  pits 
3i  by  7  by  12  feet  cost  $1,140,  and  on  an  adjoining  claim  pits  3  by  6 
feet  and  18  feet  deep  cost  $6  per  foot.  The  light  timbering  and  moss 
filling  used  in  the  Fairbanks  mines  is  to  prevent  the  muck  walls  from 
thawing  and  caving. 

In  the  Rampart  district  30  pits  3  by  6  feet  and  20  feet  deep  cost 
from  $75  to  $100  each.  The  ground  was  partly  thawed,  but  required 
no  timbering. 

In  the  Nome  district,  on  account  of  the  entire  lack  of  native  timber, 
shafts  are  cribbed  with  1  or  2  inch  planking,  set  close  together,  no  sets 
being  used.  On  the  Snowflake  bench  claim,  on  Anvil  Creek,  the  crib- 
bing was  reenforced  by  2  by  4  inch  posts  in  the  corners.  Five  dollars 
per  foot  is  the  average  cost  of  4  by  5  shafts,  timbered,  in  unfrozen  or 
partially  frozen  ground. 

On  Bonanza  Creek,  near  Nome,  pits  in  the  shallow  creek  bed,  3  by  7 
feet  and  7  feet  deep,  are  said  to  cost  50  cents  per  foot."  The  ground  is 
only  lightly  frozen  and  requires  no  timbering.  On  Ophir  Creek,  in 
the  Council  district,  it  costs  on  an  average  $5  to  sink  pits  7  feet  deep. 

In  the  northern  part  of  Seward  Peninsula  the  ground  is  solidly 
frozen.  In  the  Kougarok  district  pits  35  feet  in  depth,  with  steam 
thawing,  cost  $8  per  foot,  and  require  no  timbering. 

In  the  Candle  or  Fairhaven  district,  adjacent  to  Kotzebue  Sound,  28 
pits  12  to  15  feet  deep  cost  $4  a  foot.  It  was  necessary  to  thaw  to 
bed  rock.     The  equipment  cost  $500. 

RESULTS  OF  PROSPECTING. 

Numerous  reports  from  many  parts  of  Alaska  indicate  that  the 
amount  of  gold  obtained  per  cubic  yard  from  prospect  shafts  does  not 
equal  that  extracted  by  subsequent  actual  mining.  The  reverse  is  very 
rarely  true.  It  is  difficult  to  assign  a  reason  for  this  discrepancy  other 
than  that,  owing  to  the  frozen  condition  of  the  gravel,  some  of  the 
gold  escapes  when  small  lots  are  washed  in  the  winter.  Frozen  gravel 
does  not  easily  disintegrate,  even  in  hot  water,  and  unless  the  residue 
from  panning  or  rocking  is  saved  and  rewashed,  losses  very  likely 
occur. 

It  is  needless  to  urge  the  importance  of  prospecting  ground  in  a 
thorough  manner  before  expensive  machinery  is  installed.  The  many 
failures  through  the  long  history  of  mining  which  have  resulted  from 
precipitate  expenditure  to  exploit  supposed  valuable  properties  present 
an  open  page  of  admonition  to  him  who  cares  to  read. 

The  sampling  of  winter  dumps  as  they  are  extracted  does  not  appear 
to  have  received  the  attention  which  it  deserves.  A  method  used  by 
Mr.  Kelley,  of  Dominion  Creek,  in  the  Klondike,  is  as  follows: 

The  ordinary  conical  dump  of  frozen  gravel,  PI.  Ill,  B  (p.  40), 

aThia  work  is  probably  doDe  in  the  winter  with  labor  at  92.50  a  day  and  board. 
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assumes  a  somewhat  steeper  angle  than  that  of  loose  material.  One 
measured  in  the  Klondike  had  a  slope  of  40°.  From  experience  it  has 
been  found  that  if  the  ground  is  of  imiform  richness,  80  per  cent  of 
the  values  are  contained  in  the  upper  two-thirds  of  the  dump,  which 
has  a  content  of  approximately  8,000  cubic  yards.  The  apex  of  the 
dumps  is  generally  30  to  40  feet  above  the  base.  .  Four  times  each  day 
5  pans  are  taken  in  sampling — one  from  each  quadrant  of  the  dump 
one-half  way  down  from  the  top — and  one  pan  from  the  apex.  The 
results  of  the  20  pannings  are  put  together  before  weighing,  and  50 
per  cent  of  the  result  is  taken  for  the  average  value  of  what  has  been 
taken  out  during  the  day. 

Neglect  to  apply  some  form  of  sampling  to  the  dumps  has  caused 
many  lamentable  failures  in  the  Klondike.  Winter  operators  of  the 
Fairbanks  district  should  keep  themselves  assured  by  constant  sam- 
pling that  the  gravel  they  are  getting  out  at  such  a  cost  carries  values. 

WATER  SUPPIiY, 

CLIMATIC  CONDITIONS. 

Land  areas  in  high  northern  latitudes  are  characterized  by  distribu- 
tion of  their  natural  resources  that  is  unfavorable  to  economic  use. 
In  Alaska  the  great  forests  that  characterize  the  south  coast  are 
replaced  by  stunted  growths  of  spruce  in  the  gold  fields  of  the  interior 
and  by  willow  copses  in  Seward  Peninsula.  During  a  normal  year  the 
rainfall  at  Juneau,  as  may  be  seen  from  table  2  (p.  48)  compiled  by 
Dr.  Cleveland  Abbe,  jr.,  is  over  eight  times  as  great  as  at  Eagle, 
on  Yukon  River.  The  catchment  area  at  Juneau  is  only  4  square 
miles,  and,  as  the  grades  of  the  hillsides  are  precipitous,  the  rainfall 
quickly  runs  off.  A  small  amount  of  the  water  is  used  for  power  in 
connection  with  milling  op>erations  and  for  mining  placer  gold.  The 
short,  steep  creeks  and  rivers  of  the  south  coast  have  small  catchment 
basins,  and  even  were  there  any  use  for  the  water  for  placer-mining 
purposes,  there  would  be  diflSculty  in  impounding  it  after  the  melting 
of  the  snows  in  June  and  July. 

Large  catchment  basins  exist  in  the  interior  of  Alaska,  but  the  water 
to  fill  them  is  unfortunately  lacking.  At  f^gle,  where  the  annual 
rainfall  is  11.4  inches  in  a  normal  year,  the  drainage  area  of  Mission 
Creek  and  its  tributaries  which  flow  into  the  Yukon  is  nearly  200  square 
miles.  Of  the  amount  of  water  caught  in  a  given  area,  however,  very 
little  is  available  for  mining  purposes.  As  an  illustration  take  the 
case  of  American  Creek,  a  tributary  of  Mission  Creek.  The  only 
placet  mining  on  it  is  done  at  a  point  about  12  miles  distant  from  its 
mouth,  atan  elevation  of  1,600  feet.  As  the  use  of  water  for  hydraulic 
mining  requires  a  head  of  200  feet,  and  as  the  height  of  the  divides 
which  surround  American  Creek  does  not  exceed  8,(KH)  feet,  it  is  evi- 
dent that  the  only  catchment  area  available  is  that  lying  between  1,800 
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and  3,000  feet,  and  between  the  mine  and  the  head  of  the  creek,  or  its 
short  tributaries.  Of  a  total  catchment  area  of  nearly  75  square  miles 
for  American  Creek,  only  15  square  miles  are  available  for  the  opera- 
tions at  the  point  referred  to.  If  it  were  possible  to  catch  all  the 
water,  say  11.4  inches  in  depth,  which  fell  on  this  area  during  a 
season,  and  use  it  in  hydraulic  mining,  it  would  amount  to  1,500 
miner's  inches  available  for  one  hundred  and  twenty  days,  and  would 
move  gravel  at  the  rate  of  1  cubic  yard  to  the  inch  of  water.  As  in 
practice  it  is  not  possible  to  utilize  at  head  over  one-third  of  that 
theoretically  available  in  the  catchment  area,  the  capacity  of  the  water 
power  available  is  reduced  in  proportion.     (See  fig.  1.) 


Fig.  1.— Map  showing  American  Creek  drainage,  Eagle  district. 

In  certain  parts  of  the  Fortyraile  region  it  is  not  impossible  that 
water  conduits  from  10  to  15  miles  in  length  can  be  constructed  to 
bring  water  to  the  placer  diggings.  The  Glacier  Mountains,  lying 
west  of  the  upper  portion  of  Mission  Creek,  rise  to  heights  of  6,000 
feet,  or  3,000  feet  higher  than  the  general  lev^el  of  the  interior  country, 
and  should  afford  a  more  promising  water  supply  than  any  other  area 
adjacent  to  the  interior  placer  mining  districts.  The  great  drainage 
system  of  the  South  Fork  of  Forty  mile  Creek  may  also  be  available 
to  a  less  extent  for  obtaining  water  under  pressure.     Miners  should 
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bear  in  mind,  however,  that  even  if  the  water  is  at  hand  and  the  gravel 
deposit  extensive,  the  attempt  to  work  by  the  hydraulic  method  where 
a  grade  of  6  inches  to  12  feet  can  not  be  obtained  will  probably  fail. 
In  the  Fairbanks  and  Birch  Creek  districts  the  rainfall  may  be  as- 
sumed to  be  no  greater  than  that  at  Eagle.  The  catchment  area  that 
lies  at  an  elevation  sufficient  to  supply  the  placer  ground  with  water 
at  a  proper  head  for  hydraulic  operations  is  insignificant.  Even  were 
the  auriferous  gravels  in  that  district  so  situated  as  to  be  hydraulicked, 
water  for  that  purpose  could  not  be  obtained.  The  small  amount  of 
water  which  runs  in  the  creek  bottoms  is  available  at  heads  not  ex- 
ceeding 25  feet,  by  means  of  ditches,  for  sluicing  purposes.  It  is  of 
variable  quantity,  however,  and  must  be  husbanded  with  the  greatest 
care.  The  promiscuous  cutting  of  timber  and  stripping  of  moss, 
which  are  the  inevitable  accompaniments  of  the  exploitation  of  the 
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Fig.  2.— Map  o£  part  of  Birch  Creek  district. 

placers,  will  tend  to  gradually  diminish  the  supply  of  water.  (See  figs.  2 
and  3.) 

Of  the  interior  districts  the  Rampart  and  Fortymile  appear  to  be 
most  copiously  supplied  with  water,  and  these  are  the  only  districts 
in  the  hitherto  developed  interior  where  considerable  bench  deposits 
have  been  found.  It  seems  not  improbable  that  a  survey  with  refer- 
ence to  locating  the  larger  catchment  areas  at  sufficient  elevation  may 
result  in  obtaining  water  for  hydraulicking  the  bench  gravels. 

No  data  are  at  hand  with  reference  to  the  rainfall  in  Seward  Penin- 
sula. It  may  be  assumed  to  be  larger  than  that  of  the  interior,  and 
is  probably  fairly  represented  by  the  figure  given  for  St.  Michael, 
18.1  inches,  which  fell  during  the  summer  of  1904.  This  amount, 
however,  was  much  less  than  that  of  the  year  before,  and  the  gold 
product  of  the  peninsula  was  thereby  materially  reduced.  The  facili- 
ties for  making  use  of  the  water  for  mining  purposes  are  better  on 
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Seward  Peninsula  than  in  the  interior.  The  available  catchment  areas 
on  the  peninsula  are  larger,  and  the  construction  of  water  conduits, 
owing  to  peculiar  conditions  which  will  be  described,  can  be  under- 
taken more  cheaply.  The  Kigluaik  Mountains  and  the  Bendeleben 
Range,  lying  roughly  parallel  to,  and  at  a  distance  of  25  miles  north 
of,  the  important  gold  fields  of  the  South  Coast,  rise  to  heights  ranging 
from  2,000  to  4,000  feet,  and  afford,  as  has  been  proved,  a  fairly  con- 
tinuous water  supply  during  the  open  season.     The  York  Mountains, 


Fig.  3.— Map  of  part  of  Fairbanks  district. 

in  the  western  portion  of  the  peninsula,  will  doubtless  furnish  a  sim- 
ilar water  supply  should  occasion  require.  Already  the  extensive 
ditch  systems  of  Nome  River,  Ophir  Creek,  and  Solomon  River  afford 
an  aggregate  of  5,000  miner's  inches  of  water  in  the  drier  portions  of 
the  open  season.  (See  fig.  4.)  The  expenditure  for  this  work  already 
made  will  probably  not  fall  far  short  of  a  million  dollars.  Projects 
for  the  construction  of  water  conduits  are  in  contemplation  which 
compare  favorably  with,  and  even  exceed  in  magnitude,  those  already 
completed. 
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That  the  expense  attendant  on  ditch  construction  in  Seward  Penin- 
sula is  justifiable  in  certain  cases  is  not  to  be  denied.  That  the  most 
profitable  method  of  converting  the  water  into  power  has  always 
been  applied  is,  however,  decidedly  open  to  question.  The  subject 
will  be  further  discussed  under  the  head  of  "  Hydraulic  mining." 

The  average  annual  rainfall  in  California  at  various  points  on  the 
west  slope  of  the  Sierras  is  approximately  as  follows: 

Inches. 

Sacramento ._. . .     19 

Auburn 20 

Colfax 54 

Cisco 60 

Summit 48 
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Fio.  4.— Map  of  part  of  Seward  Peninsula. 

Toward  the  north  the  rainfall  increases  in  amount,  and  toward  the 
south  it  decreases. 

Table  2,  giving  the  rainfall  in  Alaska,  shows  that  there  is  a  difference 
in  rainfall  between  the  coast  and  the  interior  gold  districts  that  is  too 
striking  to  need  comment.  Comparison  of  the  interior  rainfall  may 
be  made  with  that  at  St.  MichaePs  station,  which  is  the  nearest  point 
available  representing  Seward  Peninsula  conditions,  yet  the  annual 
amount  of  rainfall  at  St.  Michael  is  still  very  small  compared  with 
that  in  California. 
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The  accompanying  tables,  compiled  by  Cleveland  Abbe,  jr.,  on  the 
dates  of  opening  and  closing  of  interior  water  navigation  and  of  tem- 
perature, are  here  inserted  because  they  have  a  direct  bearing  on 
mining  operations.  In  general,  though  the  fact  is  contrary  to  popu- 
lar opinion,  it  can  be  stated  that  climatic  conditions,  so  far  as  tem- 
perature is  concerned,  form  the  least  of  the  hardships  with  which  the 
miner  has  to  contend.  It  is  safe  to  say  that  no  more  generally  healthy 
climate  can  be  found  in  any  portion  of  the  known  world.  Data  in 
regard  to  the  length  of  season  available  for  use  of  running  water  will 
be  found  in  the  tabulated  list  of  water  conduits.    (See  table  8,  p.  104.) 

Table  2. — Rainfall  in  Alaska. 

[Complied  by  Cleveland  Abbe,  jr.] 

RAINFALL  IN  INCHES. 


Station. 

Jan. 

10.6 
.9 

9.7 
.8 
.9 
.6 
.4 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Length 

of 
record. 

Juneau 

Bkagway 

Fort  Liscum 

Kenal 

St.  Michael 

Camp  Davidson... 

Eagle 

Circle 

4.9 
.6 

LO 
.7 
.2 
.9 
.6 

6.6 
.6 
5,5 
1.0 
.5 
.2 
.4 

5.3 
2.4 
1.5 
.8 
.4 
.6 
.8 

7.4 
.8 
2.3 
1.0 
1.3 
.6 
.8 

5.0 

.6 

.7 

.7 

1.5 

2.2 

1.4 

.5 

.3 

5.6 
1.7 
4.2 
1.7 
2.5 
1.7 
2.2 
2.0 

7.5 
1.5 
12.4 
3.3 
3.3 
3.0 
2.0 
2.7 

12.2 
3.5 

14.2 
•    2.6 
4.0 
2.4 
1.1 

10.1 

8.2 

14.3 

2.1 

L7 

.2 

.8 

10.5 
2.2 
6.6 
1.1 
L2 
.7 
.6 

8.2 
3.8 
6.0 
.9 
.8 
.3 
.5 

93.1 
21.8 
81.3 
16.6 
18.1 
[13.4] 
11.4 

Vr.  mo. 
13    U 
0    30 
2      0 
5    26 
7      6 
0    13 
0    52 
0      5 

CampColonna.... 
Fort  Adams 

.7 
1.7 

2.1 
.9 

1 

.1 
.4 

.6 
1.5 

.4 
2.3 

.1 

1.2 

1.4 

L5 

45 

1.2  '^  ft  1 

0      8 
0    26 

2.2 

1.5 

2.5 
1.6 
1.4 
1.2 
2.0 
1.25 

.8 
1.4 
1.4 

.2 

65 

>15.6 

>  7.5 
>11.7 

>  6.3 

Fort  Gibbon 

._ 

0      8 

Nulato 

.7 
1.3 

.9 
.4 

1.5*5»-2 

.4 
.6 

- 

0    10 

Anvlk 

1.4 

.6 

2.8 
1.1 

2.0 
.7 

0    26 

Copper  Center  .... 

0      5 

Dawson,  Y.T.  a 

.7 

.4 

.2 

.78 

.58 

1.71 

0    19 

a  Authority:  Inspector  of  Fisheries,  Yukon  Territory. 
NUMBER  OF  RAINY  DAYS. 


station. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

1 

July. 

Aug. 

1 
Sept.    Oct. 

18.4  ,  19.8 
13.6  !  12.0 

1 
Nov.    Dec. 

Year. 

Juneau 

Skagway 

18.1 
7.5 

17.5 
6.3 
8.1 

16.0 
6.2 

11.2 
2.5 
6.0 
4.4 
5.5 

14.0 
5.8 

18.7     16.0 
8.0     10.5 

14.5       9.0 
7.4       6-4 

16.7 
4.7 

14.6 
5.0 

15.5 
5.7 
14.5 
8.9 
13.6 
14.0 
13.0 
8.5 

16.6 
85 

18.4  19.8 
.  8.0  I  U.7 

11.5  1  13.0 
7.4       6.0 

11.4       6.9 
13.0  1    7.0 
7.0  1    5.7 

20L8 
92.6 

Fort  Liscum 

Kenai 

9.0       8.0 

6.4  !    5.1 

28.5 
13.4 
16.7 
16.0 
13.0 
9.0 

22.5     22.0 
11.7     10.0 

176.0 
92  4 

St.  Michael 

Camp  Davidson .. 

Eagle 

Circle 

7.4 
6.0 

4.8 

7.8 
9.0 
8.6 

9.1 
7.0 
6.5 

10.4 
11.0 
9.5 
4.0 
6.0 

18.5 
16.0 
9.8 

11.4 
6.0 

7.8 

126.8 
[151.  OJ 

Camp  Colonna  . . . 

14.0 
11.0 

16.0 
8.6 

12.0 
13.0 

4.0 
3.5 

4.0 
12.0 

' 

8.0  1  14.0  '  >  75.0 
12.5  '  10.0     >  116.0 

Fort  Adams 

16.0 

14.0 

16.0 

Fort  Gibbon 

17.0 
8.0 

12.6 
8.0 

2.0  1  14  0 

Nulato 

6.0 
16.6 

7.0 
6.0 

12.6 
15.3 

>2.0 
7.6 

4.0 
7.0 

. 

6.0      8.0     >  52.6 

13.3   >101.4 

4. 0      2. 0 

Anvik 

13.0     11  n 

Copper  Center 

12.0 

7.0 

Numbers  in  [  ]  are  totals  made  up  from  months  in  different  year 
Numbers  preceded  by  >  are  known  to  be  too  smaU. 
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Table  3. — Avereige  dates  of  last  spring  and  first  fall  frosts. 
[Computed  by  Cleveland  Abbe,  Jr.    Dates  marked  (?)  are  from  a  single  observation.] 


Place. 


La«t  kill- 
ing frost. 


(?) 
Apr.  10  (?) 

(?) 
(?) 


Juneau 

Skagway 

Fort  Uscum 

Kenai 

St.  Michael '  June  1  (?) 

Point  Hope '        (?) 

CampColonna '        (?) 

Camp  Davidmn June  15  (?) 

Eagle '  May  10  (7) 

Circle ^        (?) 

Fort  Yukon i        (?) 


Last  spring 

First  fall 

frost. 
Apr.  16  (?) 

frost. 

Sept.     20 

June  1  (?) 

Aug.      30 

(?) 

(?) 

June     15 

Aug.      15 

(?) 

Sept.     15 

(?) 

Sept.  18  (?) 

Apr.  80  (?) 

(?) 

(?) 

(?) 

(?) 

Sept.  1  (?) 

(?) 

Aug.20(?) 

(?) 

Sept.  30  (?) 

First  kill- 
ing frost. 


Sept  20 
Sept.  5  (?) 
Sept  29 
Aug.  80 
Sept30(?) 
Oct  16 
Oct  15(?) 
Aug.  16  (?) 
Sept  2(?) 
Nov. 
Oct.    1  (?) 


Table  4. — Average  dates  of  opening  and  closing  of  Yukon  and  Kenai  rivers, 
[Dates  marked  (?)  are  from  a  single  observation.] 


Place. 


Ice  breaks. 


Yukon  River: 

FortReliance May      10 

Eagle May      11 

Circle |  May      13 

FortYukoij May      15 

FortGibbon (?) 

Tanana May      16 

Nulato !  May      20 

Anvik '  May      15 

Kenai  River:  i 

Kenai I  Mar.  18  (?) 


River 
clear. 


Ice  run- 
ning. 


(?)        !  Oct       20 
May      15  \  Oct.         6 


(?) 
May      20  I  Oct 

(?) 
May      20 

(?) 
May      22 


(?) 


Oct  26(?) 
Oct        15 

(?) 
Oct.       25 


I 

I 

Mar.  29  (?)|  Dec.    5  (?) 


River 
closed. 


Nov.  5 

Nov.  10 

(?) 

Oct.  26 

Nov.  6(?) 

Nov.  6(?) 

Oct.  20 

Oct.  31 

Dec.  16  (?) 


Table  5. — Table  of  temperatures^  Fahrenheit. 


Station. 

Jan. 

Feb. 

Mar. 

37.2 
30.8 
8.9 
13.0 

Apr. 

41.9 
8L6 
19.9 
29.3 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

r.       !  Length 
^^'  1   record. 

Juneau  

84.2 

23.8 

7.4 

-24.8 

33.0 
15.5 
-2.3 
-6.0 

46.9 
89.4 
83.1 
42.2 

51.6 
49.6 
46.8 
62.6 

54.4 
50.5 
63.6 
56.9 

56.6 
46.6 
51.9 

52.3 

45.7 

39.8 

22.4 

15.6 

-10.0 

36.0 

21.6 

4^8 

-7.4 

Yrt.  Mo8. 
5     a  18 

Valdez 

0        10 

St  Michael 

Eagle 

43.9 
40.4 

80.5 
20.1 

11  a  12 
1          0 

a  Nonconsecutive  month.s. 
STREAM  VOLUMES. 
THE   miner's   inch. 

Before  discussing  the  matter  of  stream  volumes  it  will  be  necessary 
to  consider  the  unit  of  measurement,  the  ''miner's  inch,"  which  has 
received  so  many  varying  definitions  in  different  mining  districts. 
Bull.  263—05 1 
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On  this  subject**  Mr.  Hamilton  Smith  makes  the  following  state- 
ments: 

Soon  after  the  discovery  of  gold  in  California  in  1848  associations  or  incorporated 
companies  were  formed  for  the  purpose  of  building  ditches  and  storage  reservoirs  for 
the  supply  of  water  to  the  placer  mines.  The  amount  of  capital  invested  in  these 
hydraulic  works  aggregated  many  millions  of  dollars,  and  a  single  company  often  sold 
water  to  hundreds  of  mining  claims.  The  cost  of  water  was  by  far  the  most  impor- 
tant item  in  the  miner's  bill  of  costs,  and  hence  it  became  necessary  to  have  a  stand- 
ard measure,  not  only  accurate  but  also  so  simple  that  the  amount  of  discharge  could 
be  readily  computed  by  the  common  miner. 

This  was  accomplished  by  the  discharge  of  the  stream  of  water  sold  to  each  cus- 
tomer through  a  rectangular,  square-edged,  vertical  orifice,  with  free  discharge  into  the 
air  and  having  a  constant  head.  In  different  parts  of  the  State  the  standard  open- 
ing varied,  the  width  varying  from  2  to  4  inches  and  the  head  above  the  top  of  the 
opening  from  4  to  7  inches.  Each  square  inch  of  the  opening  was  called  *'a  miner's 
inch;"  hence  in  a  locality  where  the  standard  opening  was  2  inches  wide,  if  the 
miner  wished  a  flow  of  50  miner's  inches,  the  orifice  was  25  inches  long,  and  if  only 
10  inches  was  needed  the  length  was  reduced  to  5  inches. 

This  method  is  analogous  to  the  pouce  d'eau  used  in  southern  France,  and  was 
probably  first  introduced  or  suggested  in  California  by  some  French  or  Mexican 
miner;  the  simplicity  of  this  mode  of  measurement,  combined  with  a  suflScient  degree 
of  accuracy,  soon  brought  it  into  general  use  on  the  Pacific  coast  wherever  water  was 
sold  for  mining,  irrigation,  etc. 

The  standard  which  had  been  in  use  since  1852  or  1853  in  the  mining  districts 
supplied  by  the  Eureka- Lake,  Bloomfield,  and  Milton  water  companies  in  Nevada 
County,  Cal.,  was  an  opening  50  inches  long,  2  inches  wide,  with  constant  head  above 
opening  of  6  inches;  the  flow  from  this  was  called  100  miner's  inches.  *  *  * 
Generally  the  miners  bought  water  for  ten  hours  per  diem  at  an  agreed  price  per 
inch;  for  example,  a  miner  using  350  miner's  inches,  for  ten  hours  each  day,  at  the 
rate  of  15  cents  per  inch,  paid  the  water  company  $52.50  per  diem,  and  received  the 
amount  of  water  which  would  flow  through  an  orifice  having  an  aggregate  length  of 
175  inches,  a  Width  of  2  inches,  with  a  head  of  6  inches  above  the  top  of  the  open- 
ing, during  a  period  of  ten  hours. 

When  water  was  used  for  the  whole  twenty-four  hours  of  the  day  the  flow  was 
termed  "a  miner's  24-hour  inch,"  and,  of  course,  meant  2.4  times  the  amount  of  dis- 
charge of  **a  miner's  10-hour  inch." 

In  California,  as  larger  amounts  of  water  came  into  use,  wider  open- 
ings were  adopted,  one  being  12  inches  high,  12J  inches  long,  with  a 
constant  head  of  6  inches  above  the  top  of  the  opening. 

Experiments  made  in  California  by  A.  J.  Bowie,  esq.,*  to  determine 
the  value  of  the  miner's  inch,  defined  as  the  one  two-hundredth  part 
of  the  quantity  of  water  which  would  flow  through  the  last-named 
aperture  in  a  li-inch  board  under  head  of  6  inches  above  the  top  of 
the  discharge,  showed  that  1  miner's  inch  discharged  in — 

Cubic  feet, 

1  second 0.02499 

1  minute .• 1.4994 

1  hour 89.9640 

24  hours 2,159.1460 

«  Hydraulics.  188«,  p.  277. 

b Bowie,  A.  J,,  jr.,  A  Practical  Treatise  on  Hydraulic  Mining,  1885,  p.  126 
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Experiments  on  a  single  aperture  of  this  form,  used  in  determining 
the  North  Bloomfield  standard  made  by  Hamilton  Smith,  jr.,<*  gave  a 
discharge  (a  mean  of  two  different  openings)  of  302.7  cubic  feet  per 
minute,  or  2,179.4  cubic  feet  per  miner's  inch  in  twenty-four  hours. 

The  miner's  inch  used  in  this  report  is  one  two-hundredth  part  of 
the  amount  of  water  which  will  flow  through  an  opening  12  inches 
high  by  12f  inches  wide  in  a  li-inch  plank,  under  a  constant  head  of 
6  inches  above  the  top  of  the  discharge.  This  may  be  taken  for 
all  practical  purposes  as  equivalent  to  1.5  cubic  feet  of  water  per 
minute,  or,  in  other  words,  1  cubic  foot  per  second  equals  40  miner's 
inches. 

A  simple  means  of  ascertaining  the  approximate  number  of  miner's 
inches  in  an  open  conduit  is  to  select  a  straight  portion  of  the  ditch  or 
flume  where  the  water  runs  quietly  and  where  no  accelerated  velocity 
has  been  imparted  to  it.  One  hundred  and  ten  feet  measured  along 
the  bank  should  be  called  100  feet.  Floats  made  by  weighting  empty 
cartridge  shells  with  shot  or  small  stones  and  fitting  into  them  cylin- 
drical wooden  plugs  4  or  6  inches  long  are  then  placed  in  the  canal  as 
quietly  as  possible.  Note  the  average  time  which  it  takes  several  of 
them  to  traverse  the  distance,  divide  the  distance  in  feet  by  the  aver- 
age time  in  minutes,  and  the  result  will  be  the  velocity  in  feet  per 
minute;  this  multiplied  by  the  area  in  square  feet  will  give  the  num- 
ber of  cubic  feet  of  water  flowing  per  minute.  To  get  the  number  of 
miner's  inches,  multiply  the  cubic  feet  per  minute  by  2  and  divide 
by  3. 

California,*  Colorado,  and  Montana  have,  by  State  law,  made  the 
definitions  shown  below: 

Valtte  of  second-foot  ( =cubicfoot  per  second)  in  miner's  inches. 

Miner's 
inches. 

California 40.0 

Colorado 38.4 

Montana 40.0 

The  measure  is  of  great  value  and  should  be  defined  by  Federal  law, 
since  at  present  it  is  used  in  an  indefinite  sense.  The  placer  miner 
generally  assumes,  when  he  is  buying  water,  that  he  is  getting  1.5 
cubic  feet  per  minute  for  each  inch,  or  the  inch  measured  under  6-inch 
head  above  the  top  of  the  discharge,  whereas,  in  reality,  the  inch  sold 
him  is  equal  only  to  1.2  cubic  feet  per  minute,  being  measured  under 
a  head  of  4  inches  above  the  center  of  an  orifice  2  inches  wide.^ 

a  Hydraulics,  p.  282. 

^ Stover,  A.  P..  California  Journal  of  Technology,  quoted  in  Eng.  and  Min.  Jour.,  May  26, 1904. 

tf  The  legal  definition  of  the  miner's  inch  In  use  in  the  Yukon  Territory,  as  given  to  the  writer  by 
Mr.  A.  J.  Beaudette,  the  Government  mining  engineer,  is  one-twelfth  the  amount  of  water  that  will 
go  through  an  orifice  2  inches  high  by  6  inches  wide  under  a  constant  head  of  6i  inches  alcove  the 
center  of  the  orifice. 
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TABLE   OF   STREAM   VOLUMES. 

Table  6,  below,  showing  stream  volumes  in  miner's  inches,  repre- 
sents an  attempt  to  combine  at  least  approximate  data  relating  to  the 
amomit  of  water  which  flows  in  northern  auriferous  streams  during 
the  open  season.  The  few  gagings  that  were  made  during  the  course 
of  the  trip  were  b}^  Price  current  meter.  It  was  found  that  variations 
.from  day  to  day  in  all  parts  of  the  country  were  exceedingly  frequent, 
the  volume  on  one  day  being  sometimes  from  one-third  to  one-half 
that  of  the  succeeding  day  after  rain.  Where  a  range  between  two 
amounts  is  given,  the  smaller  figure  may  be  taken  as  representing  the 
most  frequent  condition. 

Table  6. — Approximate  stream  volumes^  in  ininer^s  inches. 


Gag- 
ings. 

Volumes  in 
miner's  inches. 

Time. 

Authority. 

Remarks. 

Juneau  diRtrict: 

Gold  Creek 

600-20,000 

4,000-8,000 

1,000 

600-2,000 

1,000 

500-15,000 

55,000-300,000 

68-17,641 
820 
156 
65 
400 
300 
120 

Open  sea- 
son. 

do.... 

This  report 

do 

Low  to  flood 

AUin  district: 

Pine  Creek 

Spruce  Creek 

do.... 

do.... 

do 

do 

McKee  Creek 

Boulder  Creek 

do.... 

do 

Birch  Creek 

do.... 

do 

Klondike  dlitrict: 

Klondike  River 

do.... 

do.... 

Canadian     govern- 
ment engineer. 

do 

Bonanza  Creek 

Eldorado  Creek 

do.... 

do 

Above  mean 

Hanker  Creek 

do.... 

do 

Low. 

Bear  Creek 

..  ..do 

do 

Dominion  Creek 



do.... 

do.... 

do.... 

July 

.  ...do 

do 

This  report 

Mean 

Sulphur  Creek 

Do. 

Oold  Run 

Canadian      govern- 
ment engineer. 

This  report 

do 

Below  mean. 

Ea«rle  district: 

American  Creek 

868 
220 

Below  forks. 

Discovery  Fork 

Circle  district: 
Birch  Creek . 

70,000 

do 

Deadwood  Creek 

682 
322 

July 

do.... 

do 

do 

Mammoth  Creek  .        .  . 

600 

July 

do 

Junction  of  Eagle  Creek 
and  Mastodon  Fork. 

Rampart  district: 

Minook  Creek 

255 

1,000-10,000 

50-1,000 
0-200 
600-4,000 
500-3,000 
200-2,000 
200-2,000 
100-1,000 
200-LOOO 

open  sea- 
son. 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Members  of  Geolog- 
ical Survey. 

do 

Little  Minook  Creek 

Little  Minook  Jr.  Creek. 

do 

Hunter  Creek 

do 

Hoosier  Creek 

do 

Ruby  Creek 

do 

Slate  Creek 

do 

Eureka  Creek 

..  ..do 

Pioneer  Creek 1 

do 
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Gag- 
ings. 

Volumes  In 
miner's  inches. 

Time. 

Authority. 

Remarks. 

Rampart  district— Cont'd. 
Qlen  Oulch 

0-500 

10-200 
50-500 
50-500 
25-500 
10-500 

Open  sea- 
son. 

do.... 

Members  of  Geolog- 
ical Survey. 

do 

Gold  Run 

Rhode  Island  Creek 

do.... 

do 

Seattle  Creek 

.     .do 

do 

Omega  Creek 

do.... 

do 

ThankflgiTing  Cr^ek  ,          ... 

do.... 

do 

Fairbanks  district: 

FairtMinks  Creek 117 

Augu&t . . . 
do   ... 

This  renort 

Low  water 

Cleary  Creek 

400 

do. 

After  rain 

Wolf  Creek 



26 

do.... 

Zao  ::::::::::::. 

Chatham  Cre^^k 

10 
110 

450 

do.... 

do 

Pedro  Creek 

do.... 

do 

Below     Twin 

Gold  Stream 

do ... . 

do 

Creek. 
Junction      of 

Nome  district: 

Anvil  Creek 

100-400 

aoo-1,000 

2-200 

Open  sea- 
son. 

do.... 

Members  of  Geolog- 
ical Survey. 
do 

Gil  more  and 
Pedro. 

UlacierCreek 

Dexter  Creek ' 

do 

do 

Nome  River 

12,000-20,000 

8,000-18,000 

lO-lOO 

25-500 

500-2,000 

100-1,000 

250-2.000 

10-50 

3,000-20,000 

200-1,000 

50-200 

100-600 

do.... 

do 

Snake  River 

do.... 

do 

Bourbon  Creek 

do.... 

do 

Dry  Creek 

do 

.  do 

O&bom  Creek 

do.... 

do 

BusterCreek 

Baidn  Creek 

.  .  .do     . 

.  ...do. 

....  do.... 

do 

Rock  Creek 

do.... 

do 

Council  district: 

Opbir  Creek  (mouth) '  .    ., 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do       

Melsing  Creek ' 

7^ 
do 

Crooked  Creek 

do 

Warm  Creek 

do 

Qold  Bottom  (^reek        . 

80O-4.000 
100-500 

6,000-50,000 

600-2,000 

1,000-5,000 

do.                 

Mystery  Creek i 

do 

Solomon  district: 

Solomon  River 

do 

Big  Hurrah  Creek 

do 

Shovel  Creek -  - 

do 

GRADES  OF  STREAMS. 

No  subjects  are  of  greater  importance  for  the  consideration  of  the 
placer  miner  than  the  grade  available  for  moving  his  gravel  and  the 
vertical  space  which  he  can  obtain  for  a  tailings  dump.  Neglect  to 
carefully  consider  the  natural  grade  of  the  ground  on  which  the  pro- 
posed operation  is  to  be  undertaken  will  generally  result  in  financial 
failure. 

Alaska  is  not  characterized  by  steep  grades  in  the  parts  which  are 
rich  in  alluvial  gold.  In  fact,  with  the  exception  of  the  relatively 
small  placer  districts  of  the  South  Coast  province,  the  long-continued 
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conditions  of  erosion  have  produced  surprisingly  low  gradients  in  the 
streams.  Table  7,  below,  gives  the  grades  of  streams  in  the  gold- 
producing  districts  of  the  north.  For  the  sake  of  showing  the  defects 
of  Alaska  in  the  important  requirements  of  grade,  the  lowest  figure  in 
the  table  gives  what  is  frequently  referred  to  by  gravel  miners  as 
"sluice- box  grade."  If  the  sluice  boxes  are  carried  on  a  grade  lower 
than  6  inches  to  the  12-foot  box,  the  gravel  can  not  be  economically 
moved  through  it  except  by  employing  an  excessive  quantity  of  water. 
By  comparing  the  sluice-box  grade  with  those  of  the  various  Alaska 
creeks,  it  becomes  evident  that  in  nearly  every  case  the  material,  either 
before  entering  or  after  leaving  the  tail  sluice,  must  be  artificially 
elevated  in  order  that  the  sluice  may  have  sufficient  grade.  The 
various  devices  in  use  for  accomplishing  this  elevation  will  be  dis- 
cussed under  proper  headings. 

Table  7. — Stream  grades  along  important  sections  of  their  courses. 

Avera^  fall 
Juneau  distbict:  in  feet  per  mile. 

Gold  Creek 292 

NiziNA  district: 

Dan  Creek 200 

Atlin  distbictt: 

Pine  Creek 50 

McKee  Creek 430 

Klondike  dibtrict: 

Eldorado  Creek 50 

Bonanza  Creek 45 

Gold  Run 50 

FORTYMILE  district: 

Wade  Creek 75 

Chicken  Creek 80 

Walker  Fork 100 

Eagle  district: 

American  Creek 90 

Circle  district: 

Dead  wood  Creek 70 

Mastodon  Creek 75 

Mammoth  Creek 60 

Eagle  Creek 100 

Fairbanks  district: 

Fau-banks  Creek .- 75 

Chatham  Creek v 250 

Cleary  Creek 60 

Pedro  Creek 65 

Rampart  district: 

Little  Minook  Creek 90 

Hunter  Creek 75 

Nome  district: 

Anvil  Creek 100 

Glacier  Creek 50 

Dexter  Creek 120 
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^  Average  fall 

Council  district;  in  feet  per  mile. 

Ophir  Creek 25 

Melsing  Creek 50 

Solomon  district: 

Solomon  River 20 

Shovel  Creek 90 

Average  sluice-box  grade 220  (or  6  inches  to  12  feet) . 

OPEN-CUT  MTNING. 

INTRODUCTION. 

Under  this  heading  will  be  discussed  the  various  methods  of  mining 
by  which  gi-avel  is  taken  out  of  open  cuts— either  simple  pick-and- 
shovel  methods  or  methods  involving  the  use  of  mechanical  contriv- 
ances. Hydraulic  methods  will  be  considered  in  a  later  section.  The 
simplest  of  the  open-cut  methods  dominated  throughout  the  province 
up  to  within  a  few  years,  to  the  practical  exclusion  of  all  others  except 
winter  drifting,  which  will  be  considered  below.  To-day  probably  60 
per  cent  of  the  placer-mining  operations  in  Alaska  are  confined  to 


Fio.  5.— Klondike  rocker. 


open-cut  methods,  and  this  investigation  has  brought  the  proof  that, 
when  combined  with  proper  mechanical  devices,  these  form  often  the 
most  economical  mode  of  exploitation. 

Open-cut  methods  can  be  conveniently  grouped  under  various  head- 
ings, but  the  underlying  principle  of  excavating  and  transporting  the 
material  to  the  washing  apparatus,  either  by  hand  labor  or  by  some 
mechanical  means,  remains  the  same.  It  therein  differs  from  hydraulic 
mining,  where  the  gravel  is  moved  by  water  under  pressure.  There 
are,  of  course,  various  intermediate  processes,  which  will  not  require 
separate  consideration. 

ROCKER  AND  LONG  TOM. 

The  simplest  method  of  work  izhich  the  miner  adopts  after  he  has 
passed  the  stage  of  panning  is  that  of  shoveling  from  the  bank  and 
washing  the  gravel  in  a  rocker.  The  use  of  the  rocker  is  too  well 
known  to  need  description.  The  form  employed  in  the  Klondike, 
where  its  use  has  been  nearly  discontinued  in  mining,  is  shown  in 
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fig.  5.     Two  men  are  necessary  to  use  the  rocker  properly,  while 
only  3  to  5  cubic  yards  of  gravel  can  be  washed  in  ten  hours. 

At  no  place  was  the  long  torn  seen  in  use  in  the  north,  although  it 
was  formerly  employed  to  some  extent  in  washing  the  Nome  beach 
placers. 

SHOVELING  INTO  SLUICE  BOXES. 
CONDITIONS   FOR   SHOVELING. 

Conditions  throughout  many  of  the  northern  placer  districts  favor 
this  well-known,  simple,  and  cheaply  installed  method  of  placer  min- 
ing, for  in  many  localities  the  pay  streaks  are  thin,  ranging  from  2  to 
4  feet  in  thickness,  rarely  exceeding  5  feet.  It  is  often  applicable 
where  conditions  of  transportation  prohibit  the  installation  ot  more 
elaborate  plants. 

When  the  total  depth  to  the  bottom  of  the  pay  streak  does  not 
exceed  12  feet,  the  overlying  barren  material  can  generally  be 
"ground  sluiced"  off,  even  where  the  grade  does  not  exceed  1  per 
cent,  at  an  expense  varying  from  7  to  20  cents  per  cubic  yard.  The 
frozen  muck  which  composes  this  overburden  is  from  50  to  75  per 
cent  water,  and  the  solid  residue  of  silt  or  fine  clay  is  easily  carried 
away  at  any  time  of  slight  rise  in  the  stream.  The  method  of  ground- 
sluicing  the  muck  is  described  under  the  heading ''Hydraulic  min- 
ing," on  page  141.  *  PI.  IV,  J.,  shows  the  ordinary  method  of  setting 
up  a  string  of  sluice  boxes  on  a  creek  placer.  This  method  is  used 
in  an  elaborate  form  on  Anvil  Creek,  where  5  strings  of  boxes  and 
120  shovelers  give  a  twenty-hour  capacity  of  1,080  cubic  yards. 

The  handling  of  the  water  is  important.  Even  when  the  gravel  has 
been  solidly  frozen  previous  to  stripping  and  sun  thawing,  there  are 
generally  from  15  to  25  miners'  inches  of  seepage  water,  which  work 
into  the  pit  floor.  This  must  be  disposed  of  either  by  draining  or  by 
pumping.  If  sufficient  water  (50  miners'  inches)  is  available,  a  "China 
pump"  can  be  rigged  up,  as  shown  in  PI.  IV,  B,  This  device  is 
not  economical  in  its  use  of  water,  for  the  water  is  generally  of  more 
value  for  other  purposes  in  Alaska  mining. 

DAMS. 

As  in  all  other  forms  of  creek  mining,  great  care  must  be  taken  to 
keep  the  creek  water  out  of  the  working  pits  by  means  of  dams. 
Dams  constructed  of  sod  walls  lined  with  sacks  have  been  found 
cheaper  in  the  Klondike  than  those  built  of  sod  and  brush.  Pile 
driving  is  not  advisable  in  the  north,  bat  in  case  timber  is  abundant 
cribbing  is  desirable,  as  illustrated  in  PI.  V,  jB,  showing  a  dam  built 
across  Discovery  Fork  of  American  Creek  to  impound  water  for 
"  booming."  The  ends  of  the  logs  were  set  in  frozen  ground  on  both 
sides  and  the  muck  was  allowed  to  ref  reeze  around  them.  The  dam, 
40  feet  long,  consists  of  12-inch  timbers,  from  9  to  18  feet  long,  laid 
up  in  two  rows,  5  feet  apart,  earth  and  rock  filled,  and  braced  with 
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A.     SET-UP  OF  BOXES  FOR  SHOVELING-IN,  AMERICAN  CREEK 


li.     CHINA  PUMP,  KLONDIKE. 
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cross  timbers  as  indicated.  The  dam,  self -dumping  gate,  and  accessory 
flumes  were  built  by  two  men,  and  are  said  to  have  cost,  in  labor  and 
time,  only  $300. 

The  self-dumping  gate  shown  in  PI.  V,  J?,  was  not  in  use  when 
the  visit  to  Discovery  Fork  was  made.  It  had  been  used  during  the 
month  of  June,  1904,  in  "  booming  "  the  overburden  from  the  area  of 
pay  ground  which  it  was  desired  to  uncover.  The  action  of  the  gate 
is  apparent  from  the  illustration.  Swinging  on  its  horizontal  axle, 
set  two-thirds  the  distance  from  the  top  to  the  bottom  of  the  gate,  it 
releases  the  water  when  the  reservoir  becomes  full  and  regains  its 
closed  position  when  the  reservoir  is  nearly  empty.  During  a  period 
of  three  weeks  a  block  of  overburden  consisting  of  muck  and  barren 
gravel,  5  feet  thick  by  25  feet  wide  by  900  feet  in  length,  had  been 
removed  by  the  booming  process  before  the  shoveling  operations  com- 
menced, the  total  cost,  including  the  construction  of  the  dam  and  gate, 
not  exceeding  7  cents  per  cubic  yard. 

The  process  of  booming  by  means  of  automatic  water  gates  was  for- 
merly generally  in  use  in  California,  and  is  employed  even  to-day  in 
southern  Oregon.  Pliny  mentions  the  process  as  having  been  in 
extensive  use  in  Spain  before  the  Christian  era.  As  a  rule  it  is  inap- 
plicable to  mining  or  stripping  in  Alaska,  because  the  stream  grades 
are  gentle  and  because  the  debris  carried  down  by  the  torrential  stream 
will  damage  property  situated  farther  down  the  creek. 

On  Hunker  Creek,  in  the  Klondike,  a  dam  of  moss,  brush,  and 
gravel,  90  feet  long  and  18  feet  high,  built  for  the  purpose  of  keeping 
the  water  from  an  open  cut,  cost  $500.  Dams  in  Seward  Peninsula 
are  successfully  built  of  sod,  the  material  which  overlies  the  frozen 
muck  to  the  depth  of  2  feet.     Sacks  of  sand  are  also  successfully  used. 

DRAINS. 

Below  the  proposed  pit  a  backwater  dam,  generally  4  feet  in  height, 
is  built  across  the  creek,  and  the  end  of  the  sluice  is  extended  beyond 
this  dam  a  few  feet.  PI.  IV,  A  (p.  56),  shows  the  system  of  damming 
to  keep  the  water  out  of  a  small  shoveling  pit,  and  PI.  V,  A  (p.  58), 
shows  backwater  dam  and  the  standpipe  erected  to  receive  water 
for  the  bed-rock  drain.  Assuming  that  the  ground  is  to  be  worked 
upstream,  the  method  of  laying  off  the  drain,  commonly  called  the 
*'  bed-rock  drain,"  is  as  follows:  In  12-foot  ground  take  a  level  and 
sight  downstream  from  the  prospect  pit  to  a  point  where  12  feet  ver- 
tical distance  above  the  water  in  the  stream  is  obtained.  The  sight 
should  be  taken  at  a  point  2  feet  above  the  surface  of  the  ground,  to 
allow  for  the  height  of  the  backwater  dam.  The  point  where  the 
drain  is  to  be  started  is  the  distance  downstream  obtained  by  the  sight 
plus  12  feet,  allowed  as  a  safety  factor.  On  a  2  per  cent  grade  this 
would  necessitate  a  drain  612  feet  long.  The  drain  is  dug  and  left 
open  until  after  the  first  cut  is  made.     Its  dimensions  are  generally 
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2  by  2  feet  and  it  is  lagged  inside  with  poles  horizontally,  these  being 
held  by  posts  with  ^-foot  centers,  into  which  shoulders  are  cut  for 
caps.  After  the  first  cut  the  drain  must  be  covered  by  logs  and  moss 
laid  on  top  of  the  caps.  For  small  operations  a  box  drain  made  of 
sawed  1-inch  lumber,  the  inside  dimensions  being  12  by  10  inches,  is 
used.  There  should  be  a  standpipe  bored  with  auger  holes  in  the 
drain  at  the  lower  end  of  every  cut.  The  drain  should  have  a  very 
slight  grade,  as  low  as  li  inches  to  100  feet  being  used.  At  first  the 
drain  will  handle  only  seepage  water,  but  if  one  cut  of  100  feet  in 
length  after  another  is  successively  worked  upstream,  sluice  water 
may  have  to  be  run  through  it  to  prevent  backing  up.  Some  opera- 
tors recommend  keeping  the  main  drain  large  and  giving  it  the  bed- 
rock grade,  while  a  smaller  drain,  8  by  8  inches,  is  kept  parallel  to  it 
on  a  less  grade.  This  will  handle  the  seepage  water  and  will  gain 
depth  upstream,  thus  allowing  for  inequalities  in  the  bed  rock,  which 
are  very  frequent. 

Drains  are  expensive  to  make  but  are  generally  preferable  to  pumps. 
On  Mastodon  Creek,  in  the  Birch  Creek  district,  a  bed-rock  drain, 
500  feet  long,  dug  4  feet  wide,  lagged  inside  with  4-foot  cord  wood, 
making  it  2  feet  in  the  clear,  and  covered  with  poles  and  moss,  was 
dug  through  cemented  and  frozen  gravel  and  bed  rock,  and  cost  $7,000, 
its  construction  consuming  all  of  one  season.  In  the  Fairbanks  dis- 
trict an  open  drain,  not  lagged,  3  feet  deep  and  3  feet  6  inches  wide, 
took  the  labor  of  2  men  six  weeks,  costing  nearly  $900. 

In  excavating  for  dmins  the  ground  should  be  cut  in  terraces,  so 
that  when  it  commences  to  thaw  it  will  not  run  and  clog  the  canal. 
Pumping  seepage  water  from  the  pit  is  to  be  condemned  in  general  as 
strongly  as  pumping  water  for  sluicing.  In  Bonanza  Creek,  Klondike, 
an  operation  involving  the  handling  of  several  thousand  yards  was 
said  to  be  more  expensive  by  40  cents  per  cubic  yard  when  pumping 
of  the  seepage  was  done  than  when  the  water  was  handled  by  drain. 
The  pumping  of  seepage  water  by  any  form  of  pump  ma}^  be  estimated 
to  add  at  leant  25  cents  per  cubic  yard  to  the  expenses  of  handling  the 
gmvel.  The  use  of  overshot  wheels  operating  China  pumps  is  cheap 
where  water  is  plenty.  The  small  one  illustrated  ]>y  PI.  IV,  /?, 
was  using  20  inches  of  water  to  lift  about  one-third  this  amount  a 
height  of  10  feet.  Such  a  pump  in  the  Klondike,  with  5-foot  wheel, 
costs  $100  to  build. 

COST   OF   SHOVELIN(h 

The  cost  of  a  plant,  including  that  of  constructing  a  see  page- water 
drain,  sod  dams,  and  a  string  of  10  sluice  boxes,  with  a  ditch  to  lead 
the  water  to  the  sluice,  varies  from  $500  to  $2,000,  according  to  the 
conditions.  As  stated  in  the  cost  sheet  (table  1,  p.  38),  the  expense 
of  handling  gravel  by  this  method  is  from  $1.25  to  $2.50  per  cubic 
yard,  reaching  $5  to  $7  in  remote  districts. 
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The  duty  of  a  man  shoveling  is  variously  estimated  in  different  dis- 
tricts of  the  North.  This  form  of  raining  having  been  nearly  discon- 
tinued in  the  Klondike  region,  very  little  information  concerning  it 
was  obtainable.  The  extensive  shoveling  operations  on  upper  Bonanza 
Creek  were  not  visited.  In  one  case,  where  a  platform  was  used,  2 
men  shoveling,  in  two  stages,  a  total  of  9  feet  lift,  2  feet  of  pay  were 
shoveled  into  the  boxes  at  the  rate  of  3i  cubic  yards  per  ten-hour  man. 

In  the  Birch  Creek  district  the  duty  of  a  man  shoveling  from  an 
average  of  12  operations  is  5  cubic  yards  in  ten  hours,  the  depth  of 
pay  averaging  4.41  feet,  and  the  lift  never  exceeding  6  feet. 

In  American  Creek,  where  the  bowlders  were  large  and  men  had  to 
stop  work  to  get  them  out  of  the  way,  the  duty,  was  2}  cubic  yards. 
On  Discovery  Fork  of  this  creek  the  duty  was  4  cubic  yards,  the 
depth  being  5  feet. 

In  the  Fairbanks  district,  where  shoveling-in  operations  are  few, 
owing  to  the  depth  of  ground,  the  average  of  three  seen  was  7i  cubic 
yairds  duty,  the  depth  shoveled  being  3  feet  of  pay,  part  gravel  and 
part  bed  rock.     In  no  case  was  there  a  Hf t  of  over  5  feet. 

In  the  Nome  region  5.76  cubic  yards  duty  is  probably  very  near 
the  average  on  a  bank  from  5  to  7  feet  in  height.  In  the  case  of  the 
large  operations  of  the  Pioneer  Mining  Company,  on  Anvil  Creek, 
the  work  has  been  so  systematized  that  on  the  3-foot  bank  handled  the 
duty  is  9  cubic  yards  per  ten-hour  man. 

One  operation  on  Solomon  River,  where  the  lift  was  high,  and  the 
bed  rock  irregular,  3.75  cubic  yards  was  the  duty  on  a  3- foot  bank. 

In  the  Council  district  of  Seward  Peninsula,  including  operations 
on  Ophir,  Crooked,  Warm,  Gold  Bottom,  Camp,  and  Penelope  creeks, 
the  duty  of  a  man  averages  6.63  cubic  yards  on  an  average  height  of 
bank  of  3.5  feet.  This  average  is  affected  by  one  case  where  on  a 
limestone  bed  rock,  with  double  lift,  the  duty  was  3.5  yards;  also  by 
another  where  with  eight-hour  shifts,  working  on  3-foot  bank  with 
5-foot  lift,  the  extraordinary  duty  of  12  cubic  yards  per  man  was 
vouched  for. 

The  method  of  working  shallow  placers  by  shoveling  into  boxes  has 
much  to  commend  it,  especially  when  the  water  is  drained  from  the 
cut,  either  with  or  without  a  covered  drain.  In  Alaskan  gravels 
exceeding  ^  in  gold  tenor  to  the  cubic  yard  of  material  handled  by 
^shoveling,  frequently  from  one-half  to  two-thirds  of  the  gold  lies  in 
the  crevices  of  the  upper  18  inches  or  2  feet  of  the  bed  rock.  Men 
directly  shoveling  this  material  can  thoroughly  clean  the  bed  rock  by 
the  shoveling-in  method.  On  the  other  hand,  if  horse  scrapers,  steam 
scrapers,  or  steam  shovels  are  used,  the  bed  rock  is  frequently  not 
cleaned,  and  a  gang  of  men  must  go  over  the  ground  a  second  time  to 
pick  up  the  auriferous  material  which  has  been  left.     This  point  is 
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of  the  first  importance.  No  operator  should  contemplate  the  installa- 
tion of  mechanical  excavators  for  working  gravel  without  taking  full 
account  of  it. 

In  considering  methods  of  mining  by  water  or  mechanical  power, 
the  cleaning  of  bed  rock  by  men  may  be  permissible  from  an  economic 
standpoint  in  exceptional  instances,  as,  for  example,  where  a  tiftick 
overburden  is  cheaply  removed  by  hydraulicking  and  a  very  thin  rich 
pay  streak  remains.  When,  however,  a  mechanical  method  of  remov- 
ing overburden  and  low-grade  gravels  costs  from  50  cents  to  $1  » 
yard,  and  the  whole  area  has  to  be  gone  over  again  by  men  to  whed 
the  rich  pay  to  the  sluice,  the  gravel  must  be  extraordinarily  rich  to 
pay  a  profit.  The  lowest  cost  of  handling  gravel  by  the  method  of 
shoveling  in  was  found  to  be  $1  per  cubic  yard  on  one  of  the  creeks 
of  Seward  Peninsula,  while  the  cost  may  reach  $5  on  some  of  the 
isolated  interior  creeks  of  Alaska.**  From  10  cents  to  $1  per  square 
yard  of  area  worked  must  be  generally  added  to  the  shoveling  cost  to 
cover  the  cost  of  stripping  muck  or  overburden.  Ground  which 
exceeds  12  feet  in  depth  of  combined  stripping  and  pay  will  rarely 
pay  if  handled  by  the  method  of  shoveling  into  the  sluice. 

HORSE  SCRAPING  INTO  SLUICE  BOXES. 

Ground  which  can  be  worked  by  men  shoveling  into  sluices  can, 
under  certain  conditions,  be  worked  satisfactorily  by  horse  scraping, 
and  at  an  expense  of  one-third  of  that  necessary  to  shovel  in.  The 
most  important  governing  condition  is  the  degree  of  looseness  in  the 
gravel  and  in  the  underlying  auriferous  bed  rock.  Two  horses,  or, 
better,  mules,  hauling  a  scraper,  with  driver,  will  cost  from  $17  to 
$23  a  day,  and  in  the  ordinary  small  gravel  of  the  Alaska  placers, 
with  soft  schist  bed  rock,  the  team  will  scrape  into  the  boxes  from 
30  to  40  cubic  yards  of  gravel  a  day  over  a  distance  of  76  feet.  On 
Penelope  Creek,  in  Seward  Peninsula,  it  was  said  that  the  team  would 
handle  as  much  as  10  men  could  shovel,  the  cost  per  cubic  yard  being 
30  cents. 

One  common  breaking  plow  with  a  team  of  horses  suffices  to  break 
up  enough  ground  for  four  scrapers.  The  method  requires  an  inclined 
platform  built  up  to  a  height  of  10  to  15  feet  above  the  bed  rock,  over 
the  head  box  of  the  sluice.  A  rectangular  opening  in  this  platform 
serves  as  a  chute  to  the  dump  box.  Generally  the  horses  travel  in 
an  elliptical  track,  passing  the  end  of  the  tail  box  and  scraping  the 
tailings  from  it,  then  entering  the  pit,  scraping  up  the  pay,  and  after- 
wards delivering  it  to  the  sluice.  In  Seward  Peninsula  the  cost 
of  this  method  can  be  brought  as  low  as  25  cents  per  cubic  yard,  and 
in  no  part  of  the  interior  will  it  exceed  50  cents,  exclusive  of  top 
stripping. 


a  See  coet  sheet,  table  No.  1. 
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Many  deposits  were  seen  now  worked  by  shoveling  into  sluices 
where  at  least  an  experimental  trial  of  this  method  is  to  be  recom- 
mended. One  of  the  strongest  points  in  its  favor  is  the  cheapness  of 
installation  and  the  mobility  of  the  apparatus  used. 

STEAM  SCRAPERS. 

In  view  of  the  economical  showing  which  the  steam  scraper  has  made 

in  handling  tailings  from  the  creek-mining  operations  of  the-Klondike 

it  is  remarkable  that  so  few  at- 
tempts have  been  made  with  it 

to  scrape  the  alluvium  from  its 

original  position.     The  ordinary 

scrapers  used  in  steam-scraping 

operations    on    tailings    in    the 

Klondike  have  a  capacity  of  from 

one-third  to  one-half  cubic  yard, 

operated  by  double  drum,  2-cylin- 

der  hoist;  16-inch  drums,  25  to 

30  horsepower  capacity,  handling 

on  an  average  250  cubic  yards 

of  loose  material  in  twenty-four 

hours,  at  an  average  expense  of 

49   cents   per   cubic   yard.     The 

manipulations  of  the  scraper,  con- 
sidered as  a  unit  of  the  plant,  take 

3  to  4  men  on  shift — a  fireman,  a 

hoistman,  and  either  1  or  2  men  to 

fill,  guide,  and  dump  the  scrap- 
er.    The  form  and  rigging  up  of 

the  scraper,  with  the  system  of 

sheaves,   pulling,   and  drawback 

cables,  is  shown  in  figs.  6  and  7. 

In  the  practice  seen  the  scrapers 

drag  the  material  from  the  pit  to 
nee  measured 
00  to  300  feet 
20  to  50  feet. 
)t  always  provided  with  teeth  like  the  one  shown 
this  is  advisable.  A  rigid  bale  should  never  be 
catch  between  it  and  the  body  of  the  scraper. 
$3,500  in  cost. 

PI.  VI,  A  (p.  62),  is  situated  on  Walker  Fork,  Forty- 
:a,  where  a  body  of  gravel  60  f«et  in  width  and  5 
little  or  no  stripping,  was  being  mined.  AccoixJ- 
»btained  by  Mr.  L.  M.  Prindle  the  gravel  was  only 


Fig.  6.— Small  at  'am  scraper,  Klondike. 
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partially  free,  and  little  or  no  stripping  was  required.  As  a  rule  the 
scraper  was  found  to  clean  the  schist  bed  rock  satisfactorily.  The 
scraper  used  had  a  capacity  of  one-fifth  cubic  yard,  being  an  ordinary 
horse  scraper  rigged  for  steam  with  pulling  and  drawback  cables.  A 
6-horsepower  hoist  operated  the  scraper,  giving  a  capacity  of  100  cubic 
yards  in  twenty-four  hours.  The  10-horsepower  boiler  also  furnished 
steam  to  operate  the  bucket  elevator  which  lifted  the  gravel  to  the 
sluice  from  the  hopper,  to  which  it  was  dumped  by  the  scraper.  A 
conservative  estimate  places  the  cost  of  handling  gravel  with  rig,  3 


sheave  with  /B  conicml 
plate  berteath 


^..N.P.hoist'"'^^'*^' 
^double  cfrum 


Position  cff  scraper  can  be 

,  altered  by  tenjgthenlng  or 

^shortening  hrte  to  anchor 

Anchor 


FiQ.  7.— Set-up  of  scraper,  Klondike. 

men  being  employed  and  one-half  cord  of  wood  burned  in  ten  hours, 
at  40  cents  per  cubic  yard.  The  operations  were  meeting  with  finan- 
cial success. 

The  plant  contains  the  elements  of  a  device  which,  it  is  not  unlikely, 
may  be  applied  to  the  working  of  the  wide,  shallow  creek  deposits  of 
Seward  Peninsula,  or  of  such  creeks  of  the  interior  as  Mammoth,  in 
the  Birch  Creek  district,  or  lower  Pedro,  in  the  Fairbanks  district. 
If  circumstances  warranted,  the  sheave  anchor  (a  rock-filled  crib) 
shown  in  PL  VI,  ^1,  could  be  made  more  easily  movable  by  mounting 
it  on  a  truck  running  on  track,  it  being  made  fast  by  cable  and  dead- 
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man  when  occasion  might  require.  The  bucket  elevator  employed  is 
not  recommended,  as  the  use  of  such  contrivances  for  handling  gravel, 
unless  they  are  specially  and  expensively  constructed — as  on  large 
dredges — is  condemned  by  experience.  In  place  of  this,  the  scraper 
should  be  dragged  entirely  to  the  point  of  final  discharge  to  the  sluice 
on  an  inclined  platform.  The  operation  will  necessitate  the  building 
of  a  more  elevated  sluice  or  washing  plant,  surmounted  by  a  hopper, 
the  gravel  being  fed  from  this  in  order  that  the  feed  may  be  as  nearly 
continuous  as  possible.  Assuming  that  the  elevation  of  the  head  box 
of  the  sluice  shown  in  the  illustration  is  12  feet  above  the  surface  of 
the  ground,  the  scraper  could  be  dragged  to  double  this  elevation  at  a 
cost  not  exceeding  10  per  cent  above  that  necessary  to  haul  it  up  to 
the  12-foot  elevation.  One  of  the  types  of  washing  plants  described 
on  pages  198  et  seq.  would  be  applicable  with  modifications  to  a  steam 
scraping  plant. 

It  may  be  well  to  consider  here  the  reasons  why,  in  wide,  shallow 
creek  deposits,  steam  scraping  appears  to  be  preferable  to  other 
mechanical  methods.  In  general,  it  may  be  said  that  this  method  is 
applicable  to  operations  on  schist  bed  rock,  but  is  entirely  impracti- 
cable on  limestone  or  other  hard  bed  rock.  This  is  also  true  of  the 
steam-shovel  and  dredging  methods.  Grant  that  bed-rock  conditions 
are  suitable,  and  consider  a  solidly  frozen  deposit  of  characteristic 
small  gravel  with  muck  and  moss  overburden,  150  feet  width  of  pay 
and  7  feet  in  total  depth  from  grass  roote  to  bottom  of  pay.  After 
the  moss  is  plowed  up,  the  3  feet  depth  of  muck  can  be  ground  sluiced 
off  in  the  ordinary  manner  at  an  expense  of,  say,  15  cents  per  cubic 
yard.  The  ground  sluicing  should  be  done  at  the  earliest  possible 
moment  in  the  open  season  or,  preferably,  late  in  the  fall.  The 
operator  now  has  to  deal  with  a  stripped  block  of  frozen  gravel  and 
auriferous  bed  rock  4  feet  in  depth,  carrying  pay,  or  the  material 
which  it  is  desired  to  sluice.  A  vertical  bank  of  this  material  can  not 
be  attacked  by  any  mechanical  appliance  yet  devised,  but  if  left 
uncovered  for  six  weeks  it  will  thaw  to  bed  rock.  The  operator, 
however,  wishes  to  take  advantage  of  the  continual  thawing  of  the 
surface  by  the  sun,  and  to  do  this  he  must  attack  not  a  vertical  but 
a  horizontal  surface.  The  rate  of  natural  thawing  varies  from  6 
inches  to  1  foot  a  week.  The  scraper  armed  with  teeth  rigged  so  as 
to  make  a  series  of  transverse  cuts,  say  for  300  feet  lengthwise  of  the 
channel,  will  attack  the  ground,  scraping  off  the  thawed  material 
better  than  any  other  mechanical  appliance. 

The  sluice  boxes  or  washing  plant  built  to  a  height  of  25  feet  above 
the  surface  of  the  ground  can  now  be  approached  by  a  broad  incline 
platform,  or,  if  desired,  the  scraper  may  dump  to  cars  which  convey 
the  material  by  gravity  to  an  isolated  and  conveniently  situated  wash- 
ing plant.     The  system  adopted  will  depend  on  the  magnitude  of  the 
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operations.  In  only  very  exceptional  cases  should  the  expense  of 
handling,  after  the  material  is  once  dumped  from  the  scraper,  be 
allowed  to  exceed  6  cents  to  the  cubic  yard. 

The  plant  above  suggested  implies  the  use  of  a  scraper  of  large 
capacity  and  should  handle  the  gravel  at  a  total  cost,  including  depre- 
ciation charge  and  added  cost  of  stripping,  not  to  exceed  40  cents  per 
cubic  yard  in  Alaska,  provided  that  700  cubic  yards  of  gravel  a  day 
are  sent  to  the  sluice.  In  order  to  accomplish  this  a  scraper,  prefera- 
bly of  the  bottomless,  self -dumping  type,  of  6  yards  theoretical  capac- 
ity, should  be  used.  It  will  be  found  that  actually  3i  yards  will  be 
delivered  each  time  by  such  a  scraper.  The  operations  will  require  a 
60-horsepower  boiler  and  double-drum  hoist,  and  the  services  of  seven 
men  on  a  shift.  The  total  running  expense  of  the  plant  should  not 
exceed  $150  a  day  of  24  hours. 

The  double-drum  hoist  operating  the  scraper  will  have  a  position  on 
the  side  of  the  sluice  opposite  that  of  the  cut,  and  can  be  mounted 
on  skids  so  that  it  can  be  easily  moved  by  means  of  a  sheave  and  dead- 
man  if  necessary.  The  sheave  through  which  the  drawback  cable  runs 
may  be  anchored  to  a  weighted  car  running  on  200  feet  of  track  laid 
parallel  with  the  cut  on  the  side  opposite  that  occupied  by  the  sluice 
and  hoist.  If  it  is  desired  to  keep  the  drawback  cable  out  of  the  way 
it  may  pass  through  two  sheaves,  one  anchored  to  traveling  anchor  and 
one  to  deadman,  the  cables  thus  forming  a  triangular  arrangement, 
two  of  whose  angles  will  vary  as  the  car  is  moved  to  cover  various 
parts  of  the  ground.  The  car  may  be  moved  as  often  as  desired,  and 
thus  one  furrow  after  another  may  be  made  by  the  scraper  over  a  tri- 
angular area  as  the  ground  thaws.  By  means  of  a  rearrangement  of 
the  sheaves  it  is  found  that  nearly  all  of  the  ground  can  be  covered. 
A  plant  erected  for  the  Klamath  River  Gold  Mining  Company  «  is  pro- 
vided with  two  li-yard  scrapers,  which  travel  back  and  forth  alter- 
nately, both  cables  acting  as  pulley  and  drawback  cables.  Two  sheaves 
are  used  on  the  side  of  the  excavation  opposite  to  the  washing  plant. 
''These  sheaves  are  attached  to  a  spreader  which  keeps  them  spaced  a 
given  distance  apart,  and  to  each  end  of  the  spreader  is  attached  a 
tackle  which  runs  back  at  an  angle  to  deadmen  to  which  they  are 
securely  anchored." 

The  type  of  bottomless  scraper  shown  in  fig.  8  (p.  65)  was  seen  in 
successful  operation  stripping  loam  at  a  reservoir  excavation  near 
Portland,  Oreg.  It  has  a  theoretical  capacity  of  6  yards,  and  actually 
handles  a  little  over  half  this  amount.  Measurements  of  a  spoil  bank 
showed  that  in  seven  ten-hour  days,  stripping  to  4  feet  in  depth,  400 
cubic  yards  per  shift  had  been  handled.  The  scraper  was  making 
furrows  over  300  feet  in  length.     A  60-horsepower  boiler  was  used, 

a  Yea^man,  J.  A.,  Automatic  excavator  for  placer  mining:  Min.  and  Sci,  Press,  Doc.  17, 1904. 
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but  only  one  cord  of  wood  at  $2  per  cord  was  burned.  The  double- 
drum  hoist  was  provided  with  10  by  12  inch  cylinders  and  was  geared 
6^1.  Four  men,  a  winchman,  a  fireman,  and  two  scraper  men  were 
employed,  at  $2.50  a  day.  It  was  said  that  under  these  conditions 
the  operations  cost  5  cents  per  cubic  yard.  It  was  estimated  that  in  a 
ha  «1  of  from  150  to  200  feet  the  scraper  would  deliver  loam  to  the 
spoil  heap  at  the  rate  of  2  cubic  yards  per  minute. 

The  above  suggestions  regarding  the  use  of  self-dumping  scrapers 
in  northern  placer  mining  will  doubtless  be  looked  on  with  consid- 
erable skepticism.  No  direct  application  of  the  method  has,  so  far 
as  known,  been  made  in  Alaska.  The  form  of  plant  outlined  is  inex- 
pensive as  compared  with  many  already  installed  in  Alaska,  having  a 
capacity  not  exceeding  700  cubic  yards.  The  sum  of  $10,000  should 
be  ample  to  install  an  entire  scraper  ^nd  washing  plant  in  Seward 
Peninsula.     Even  should  some  form  of  steam  scraping  be  found  appli- 


Fio.  8.— Bottomless  steam  scraper. 

cable  to  the  wider  shallow  deposits,  the  installation  of  elaljorate  cable- 
ways,  traveling  towers,  and  the  like,  is  not  advisable,  as  in  most  cases 
their  cost  would  be  prohibitory. 

SBLF-DUMPING  CARRIERS. 

The  conditions  in  the  Klondike  district  appear  to  have  necessitated 
the  adoption  of  this  expensive  method  of  placer  mining.  Outside  the 
Klondike  field  the  method  was  not  seen  except  at  one  place  on  Masto- 
don Creek,  in  the  Birch  Creek  district.  The  method  is  adopted  to 
work  rich  gravels  where  conditions  do  not  permit  working  by  ordinary 
shallow  open-cut  methods,  and  where  drifting  is  impossible  or 
inadvisable. 

In  considering  the  economic  success  of  this  method,  a  study  of  the 
cost  sheet  given  in  this  report  (table  1,  p.  38),  is  most  instructive.  In 
the  first  place  the  average  depth  from  eight  Klondike  operations  con- 
sidered, namely  17.5  feet,  is  greater  than  that  economically  advisable 
Bull.  263-05 5 
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(namely,  15  feet)  for  open-cut  operations  in  generaL  The  operator 
adopts  this  method  because  there  are  thawed  streaks  and  channels 
in  his  deposit.  If  such  ground  is  drifted,  the  chances  are  that  he  will 
increase  his  expense  to  a  prohibitive  amount  through  excessive  tim- 
bering and  through  pumping  of  seepage  water,  whereas  by  the  open- 
cpt  method  the  water  is  handled  by  drain.  The  cost  sheet  shows  that 
whereas  $2.14  is  the  average  cost  of  the  above-mentioned  8  operations 
in  the  Klondike,  7  drifting  operations  in  similar  deposits,  with  an 
average  depth  of  25.3  feet,  gave  an  average  cost  of  $1.95  per  cubic 
yard,  the  depth  of  the  pay  or  thickness  of  gravel  actually  sent  to  the 
sluice  being  almost  exactly  the  same  in  both  cases,  and  the  capacity  in 
the  drifting  being  only  17.5  cubic  yards  less  in  twenty-four  hours. 
Granting,  however,  that  in  a  given  deposit  carrying  $3  to  the  cubic 
yard  of  pay,  the  depth  being  16  feet,  drifting  is  impossible,  and  the 
rich  pay,  75  feet  in  width,  must  be  worked  by  open  cut.  Whatever 
method  be  adopted  the  moss  must  first  be  plowed  up  and  about  6  feet 
of  muck  ground  sluiced  off  at  a  cost  of  17  cents  per  cubic  yard.  Next 
6  feet  of  barren  gravel  or  sand  must  be  removed,  either  by  horse 
scrapers  at  60  cents  per  cubic  yard,  or,  if  the  plant  warrants  the  opera- 
tion, by  steam  scraper  at  49  cents  per  cubic  yard.  The  4  feet  of  pay 
being  laid  bare,  what  method  shall  be  adopted  to  get  it  into  the  sluices? 
On  account  of  the  necessarily  short  life  of  the  operations,  a  plant 
whose  first  cost  exceeds  $5,000  is  out  of  the  question.  The  greatest 
expense  will  then  result  from  the  hand  shoveling  in  the  pit.  The  get- 
ting of  the  material  into  the  receptacle  in  which  it  is  conveyed  to  the 
sluice  is  the  principal  item  of  expense  in  the  operation.  It  is  there- 
fore necessary  that  the  high-priced  shovelers  get  as  much  gravel  into 
the  wheelbarrows  or  buckets  as  possible.  The  bucket,  37  inches  square 
on  top,  35  inches  square  on  bottom,  and  25  inches  deep,  holding  two- 
thirds  of  a  cubic  yard,  is  dropped  into  a  crib  built  in  the  bottom  of 
the  pit,  to  which  the  shovelers  wheel  their  dirt  in  wheelbarrows. 
From  4  to  6  wheelbarrows  are  necessary  to  fill  the  bucket.  There 
is  no  mobility  to  the  bucket;  it  must  always  rise  and  fall  to  the 
same  spot.  Men  instead  of  occupying  all  their  time  in  shoveling  are 
employed  nearly  half  of  it  in  wheeling  and  dumping.  Five  operations 
are  necessary  to  get  the  gravel  from  the  bank  to  the  sluice,  namely, 
(1)  shoveling  into  wheelbarrows,  (2)  wheeling  to  bucket,  (3)  dumping 
to  bucket,  (4)  raising  bucket  to  carrier. <»  (5)  conveying  and  dumping  to 
sluice.     (See  PI.  VI,  B.) 

This  may  now  be  compared  with  the  derricking  system.  On  Pedro 
Creek,  Fairbanks  district,  an  open  cut  15  feet  of  depth  with  9  feet  of 
pay  gravel  is  worked  by  derricking.  The  plant  has  a  capacity  of  233 
cubic  yards  a  day,  which  is  handled  at  a  cost  of  $1.75  i>er  cubic  yard. 
The  plant  costs  no  more  than  the  average  price  of  a  self-dumping 

a  Jh9  Dawson  i>eU-<lumping  carrier  and  its  use  is  described  under  the  heading  "  Drift  mining,"  p.  M. 
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carrier  plant  of  daily  capacity  not  exceeding  200  yards.  The  first  cost 
of  all,  including  a  SO-horsepower  boiler,  was  said  to  be  $4,500.  Here 
the  gravel  is  shoveled  into  buckets  holding  8  cubic  feet.  These  buck- 
ets are  trammed  on  small  trucks  running  on  wooden  tracks,  hooked 
onto  by  the  derrick  cable  and  lifted  and  conveyed  at  same  time  to 
the  sluice.  The  derrick  boom  has  a  radius  of  reach  of  40  feet,  and  a 
much  smaller  proportion  of  time  is  consumed  by  the  shovelers  in 
tramming  than  when  the  fixed  bucket  on  cable  is  used."  The  expense 
was  increased  in  this  plant  by  the  necessity  of  continually  thawing  with 
24  points.  PI.  Vn,  A  and  B  (p.  64),  shows  the  operation  of  the  der- 
ricking  plant. 

As  against  the  5  operations  of  the  cable  tram  system,  there  are 
only  3  in  the  derricking  system  if  properly  handled.  The  proof 
that  the  derricking  system  is  superior  to  the  wheeling  and  cable 
tram  system  is  evident  from  the  comparative  cost.  The  services  of  a 
man  at  the  dump  box  are  generally  necessary  in  all  cases  under  the 
present  sluicing  practice,  so  that  the  self -dumping  arrangement  of  the 
bucket  helps  but  little. 

It  should  be  noted  that  the  Fairbanks  operator  was  working  under 
higher  prices  generally  than  the  Klondike  miners,  both  for  labor  (at 
$10  a  day,  as  against  $7.50  a  day)  and  for  general  supplies,  and  he  also 
had  an  excessive  amount  of  steam  thawing.  His  lower  cost  depended 
primarily  on  his  increased  capacity,  resulting  for  the  most  part  from 
the  increased  duty  of  each  shoveler,  owing  to  the  expeditious  and 
adaptable  system  of  hoisting  and  conveying  afforded  by  the  derrick. 
A  derricking  system  in  use  on  Seward  Peninsula  will  be  separately 
described. 

The  conclusion  is  that  while  the  cable  tram  system,  using  the  Daw- 
son carrier,  is  excellent  for  drifting  work,  it  is  not  to  be  recommended 
for  open -cut  work  where  it  is  possible  to  obtain  space  for  installing  a 
derrick. 

DERRICKING. 

The  plant  described  below  is  located  on  Ophir  Creek,  in  the  Council 
mining  district  of  Seward  Peninsula.  The  stream  has  been  turned 
aside  and  work  is  proceeding  in  the  old  bed.  The  distinctive  feature 
of  the  plant  is  the  use  of  derricks  in  overcoming  exceptional  difficulties 
encountered  in  the  character  of  the  deposit.  Hand  labor  is  used  in 
excavation,  while  transport  of  material  to  be  washed  and  disposal  of 
tailings  are  accomplished  by  derricks. 

The  pit  in  which  work  is  being  done  depends  for  its  shape  and  size 
upon  the  method  of  working  and  length  of  the  derrick  boom.  An 
area  of  30  feet  beyond  the  end  of  the  derrick  boom  is  worked.  A  pit, 
roughly  circular,  having  a  diameter  of  140  feet,  is  the  result,  since  the 

a  See  also  special  description  of  derricking,  pp.  67-71. 
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boom  reaches  approximately  40  feet  in  its  sweep,  and  the  buckets  are 
hauled  30  feet  from  the  bank.  Under  a  stratum  of  sand  and  soil, 
varying  from  4  to  5  feet  in  thickness,  the  gravel,  in  places  considembly 
mixed  with  sand  and  clay,  descends  to  bed  rock,  usually  30  feet  below 
the  surface.  The  gravel  is  entirely  unfrozen,  rounded,  and  for  the 
most  part  small,  not  over  10  per  cent  exceeding  6  inches  in  diameter, 
while  no  bowlders  are  found  above  18  inches.  Bed  rock  is  a  massive 
limestone,  extremely  irregular  in  its  position,  and  causes  the  greatest 
difficulty  in  the  extraction  of  much  of  the  gold,  though  this  same  feature 
must  have  played  an  important  part  in  the  enrichment  of  the  claim.  (See 
PL  VIII,  A^  p.  66.)  In  places  deep  holes  have  been  made  by  action  of 
water,  and  the  depth  to  which  work  is  carried  in  the  recovery  of  the 
gold  depends  entirely  upon  the  economy  with  which  it  is  extracted. 
There  is  no  doubt  that  much  gold  remains  below,  to  obtain  which 
would  not  be  profitable  under  present  conditions. 

Excavation  is  accomplished  entirely  by  pick,  the  gravel  being  shov- 
eled into  the  derrick  buckets.  These  buckets  are  hauled  by  the  der- 
rick line,  guided  by  hand,  upon  wooden  skids  (see  PI.  VIII,  A)^  to  a 
point  directly  beneath  the  end  of  the  boom,  where  they  are  hoisted 
and  carried  to  the  dump  box. 

The  buckets  are  of  11  cubic  feet  capacity,  and  are  so  practical  as  to 
warrant  detailed  description.  They  are  made  of  crude  oil  drums  or 
gasoline  tanks,  cut  to  a  height  of  2  feet  8  inches,  and  are  2  feet  5 
inches  across  the  top.  (See  PI.  VIII,  B.)  Two  lugs  to  hold  the 
bale  are  set  opposite  each  other  one-fourth  distance  up  from  the  bot- 
tom. The  bale  is  made  from  the  original  hoops  of  the  drum.  The 
bottom  edge  is  strengthened  by  the  original  flange  of  the  tank,  while 
on  the  upper  edge  has  been  riveted  the  flange  originally  at  the  top  of 
the  tank.  The  bale  is  supplied  with  a  catch  which,  when  the  bucket 
is  traveling,  rests  in  a  notch  constructed  on  its  edge,  which  holds  the 
bucket  in  an  upright  position.  On  reaching  the  dump  box,  a  man  on 
the  platform  with  his  shovel  frees  the  catch,  and  the  bucket  dumps 
in  turning  bottom  upward.  (See  PI.  IX,  ^1.)  In  fitting  the  lugs  hold- 
ing the  bale,  a  piece  of  iron  9  inches  square  is  riveted  to  the  inside  of 
the  material  composing  the  drum,  which  is  one-eighth  of  an  inch  thick. 
To  the  outside  of  the  drum  a  strip  9  inches  long,  2i  inches  wide,  and 
one-half  inch  thick  is  also  riveted,  and  to  this  the  lug  (2  inches  long)  is 
welded,  making  a  very  strong  construction.  These  buckets  weigh  140 
pounds  and,  including  labor,  blacksmith  fuel,  and  orfginal  price  of 
drum,  cost  about  $25. 

The  skids  upon  which  the  buckets  are  hauled  are  ordinary  smoothed 
timbers,  and  are  not  fastened  down.  This  admits  of  rapid  change  in 
accommodating  the  hauls  to  the  advancing  work.  It  is  desirable  to 
have  these  timbers  as  much  as  possible  in  a  radius  of  the  circle 
described  by  the  derrick,  as  this  gives  a  straight  haul  on  the  boom. 
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The  derrick  in  use  at  this  plant  is  of  a  very  simple  and  practical 
design,  there  being  but  one  haulage  line,  which  with  gravity  utilized 
in  the  lean  of  the  derrick  accomplishes  the  desired  work.  The  derrick 
leans  toward  the  pit  in  which  excavation  is  taking  place — i.  e.,  when 
at  rest  the  boom  swings  away  from  the  hoisting  engine.  (See  PI. 
X.)  The  hauling  line  passes  through  a  block  at  the  foot  of  the  mast 
and  a  few  feet  in  front  of  it,  or  toward  the  direction  of  haul.  In  this 
position  immediately  upon  receiving  a  hauling  strain  the  boom  tends 
to  move  toward  the  dump  box,  and  once  there,  having  disposed  of  its 
load,  returns  by  gravity  to  the  pit.  To  the  end  of  the  boom  is  attached 
a  rope  by  which  a  man  in  the  pit  giving  his  entire  attention  to  this 
operation  can  regulate  the  swing  of  the  boom  to  a  nicety.  By  snub- 
bing this  line  about  a  post  set  firmly  in  the  ground,  hauls  can  be  made 
in  any  direction  with  no  inconvenience  from  the  swinging  of  the  boom, 
and  the  dumping  of  the  load  on  the  platform  can  be  accurately 
adjusted.  The  derrick  on  an  average  lift  raises  material  about  25  feet 
and  carries  it  approximately  85  feet  to  the  sluices.  The  amount  of 
material  handled  is  generally  500  cubic  yards  in  twenty-two  hours. 
Power  is  obtained  from  a  15-horsepower  boiler  and  8-horsepower 
double  engine  hoist,  which  burns  one-half  cord  of  wood  in  twenty- 
four  hours  at  $15  a  cord.  The  derricks  are  of  Washington  fir,  both 
boom  and  mast  being  40  feet  long.  The  hauling  line,  one-half  inch 
in  diameter,  is  of  crucible  steel  wire,  plow-share  steel  not  bending 
easily  enough,  and  the  guy  lines,  three-eighths  inch  in  diameter,  also 
of  steel,  are  tightened  by  watch  tackles. 

Stones  over  12  inches  in  diameter  are  not  sent  through  the  sluices, 
being  piled  by  hand  in  the  center  of  the  pit.  Larger  stones  and 
bowlders  of  l>ed  rock  are  handled  by  the  derrick  and  piled  in  the  same 
manner.  (See  PL  IX,  J?,  p.  68.)  The  removal,  however,  of  stones 
exceeding  2  tons  in  weight  is  not  attempted  with  the  derrick.  A 
move  is  necessary  each  thirty  days,  and  in  advancing  the  entire  plant 
approximately  110  feet  eighteen  hours  are  generally  consumed.  An 
auxiliary  flume  and  dump  box  must  of  necessity  be  used  to  permit 
such  rapid  change. 

The  dump  box,  which  is  furnished  with  a  platform  suflSciently  large 
to  prevent  spilling  of  material,  is  from  6  to  12  feet  above  the  ground. 
It  is  16  feet  long  and  has  a  grade  of  14  inches.  Below  it  are  132  feet 
of  boxes,  20  inches  deep  and  16  inches  wide,  with  a  grade  of  7  inches 
to  the  box  length  (12  feet).  These  are  furnished  with  pole  riflJes 
made  2  inches  square,  capped  with  iron,  and  will  last  two  seasons. 
At  the  end  of  the  string  is  a  very  efficient  undercurrent,  invented  on 
the  ground.  It  consists  of  an  ordinary  sluice  box  furnished  with  iron 
bars  approximately  three-eighths  or  one-half  of  an  inch  in  diameter, 
running  lengthwise  with  the  box  and  placed  side  by  side.  Beneath 
these  bars,  held  by  Hungarian  riffles,  is  a  quantity  of  quicksilver, 
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which  catches  any  gold  that  may  have  passed  the  preceding  string. 
Such  an  arrangement,  though  of  considemble  use  when  gold  is  gener- 
ally coarse,  will  not  serve  when  fine  gold  is  encountered.  An  under- 
current of  greater  surficial  area  and  greater  grade,  carrying  the  water 
in  a  thin  sheet,  would  then  be  demanded. 

In  washing  the  gravel  150  miner's  inches  are  used.  The  water  is 
brought  from  Ophir  Creek  in  a  ditch  li  miles  long.  It  is  6  feet  on 
the  bottom,  9  feet  on  top,  and  has  a  grade  of  one-tenth  inch  to  100 
feet.     It  cost  $8,000. 

Tailings  are  handled  by  a  derrick  and  a  self-dumping  scraper. 
Power  is  supplied  to  the  latter  by  hauling  directly  from  the  derrick 
boom,  and  its  operation  is  directed  by  two  men.  In  this  case  the  der- 
rick leans  toward  the  dump  pile,  to  which  it  carries  its  load  by  gravity, 
being  hauled  back  by  the  steam  winch.  To  the  scraper  is  attached  a 
rope  which,  on  tightening  as  the  derrick  swings,  dumps  the  load  at  its 
destination.  (See  PI.  X.)  Both  the  derrick  boom  and  mast  are  40 
feet  long  and  are  arranged  like  the  excavation  derrick,  except  that 
the  mast  leans  in  the  opposite  direction.  A  15-horsepower  boiler  and 
8-horsepower  winch  are  used,  and  there  are  three  men  on  each  shift. 
The  tailings  derrick  is  not  occupied  more  than  one-fourth  the  working 
time  of  the  pit  derrick. 

In  all  from  55  to  60  men  are  employed  about  the  plant.  A  man  is 
continually  needed  at  the  mud  box  to  trip  the  bucket  and  to  feed  the 
gravel  as  regularly  as  possible  to  the  sluices  from  the  platform.  A 
winch  man  is  needed  at  each  derrick.  A  man  in  the  pit  devotes  his 
entire  attention  to  the  snubbing  line,  while  two  men  are  necessary  on 
the  scraper.  The  latter  feature  could  possibly  be  improved  by  some 
mechanical  method  not  requiring  the  hand  labor.  Wages  are  50  cents 
an  hour,  with  board,  and  work  is  continued  eleven  hours  each  shift. 

Besides  the  derrick  plant  above  described  another,  seen  on  Ophir 
Creek,  made  use  of  iron  skips  of  li  cubic  yard  capacity,  which  were 
run  on  trucks  to  the  working  face  and,  after  loading,  were  trammed 
within  reach  of  the  derrick  and  lifted  to  the  sluice.  As  nearly  as 
could  be  learned,  while  the  capacity  of  this  plant  was  from  15  to  20 
per  cent  higher  than  the  one  previously  described  the  work  was  not 
being  done  so  cheaply.  In  the  last  case  it  was  necessary  to  pump  the 
seepage  water  from  the  pit,  while  in  the  first  case  all  seepage  water 
was  naturally  disposed  of  by  draining  into  the  peculiar  cavernous 
limestone  bed  rock.  In  derricking  plants  in  general,  large  rather 
than  small  buckets  or  skips  are  to  be  recommended,  but  the  various 
elements  of  the  plant  should  be  so  coordinated  that  the  capacity  of 
the  derrick  is  not  above  that  of  the  shoveling  and  tramming  or  of  the 
sluice. 

The  derricking  plant  seen  on  Pedro  Creek,  in  the  Fairbanks  district, 
has  been  described  in  connection  with  the  method  of  using  the  cable 
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tram  and  self -dumping  bucket  in  open-cut  work.     Its  efficiency  was 

found  to  be  high  and  its  cost  low  in  comparison  with  this  well-known 

Klondike  method.     In  general  it 

may  be  said  that  derricking  is  a 

simple,  efficient,  adaptable,  and 

comparatively  cheap  method  of 

working  open  cuts  whore  gravel 

must  be  shoveled  into  the  first 

receptacle  by  hand  and  the  bed 

rock  cleaned  by  men. 

TRACKS  AND  INCLINES. 

The  track  and  incline  working 
at  No.  8,  Anvil  Creek,  Nome  dis- 
trict, IS  fairly  representative  of 
open-cut  work  by  this  system. 
(See  fig.  9.)  A  special  feature  of 
the  plant,  however,  is  the  removal 
of  the  overburden,  in  all  7  feet 
of  muck  and  5  feet  of  barren 
gravel,  by  hydraulicking.  Seven 
hundred  miner's  inches  are  used 
through  a  giant,  under  a  pressure 
of  200  feet  obtained  by  pumping. 
After  the  barren  ground  has  been 
removed  the  remaining  gravel, 
averaging  about  6  feet  in  depth, 
is  shoveled  into  cars,  pushed  to 
the  foot  of  an  incline,  elevated, 
and  washed.  The  tailings  are 
impounded  on  the  claim,  being 
scraped  from  the  end  of  the 
sluices  by  2-hor8e  scrapers. 

At  the  time  of  observation  6 
cars  were  in  use,  though  this 
number  can  be  varied  to  suit  the 
conditions  in  hand.  Two  men 
are  employed  with  each  car. 
They  take  turns  in  shoving  the 
car  to  the  incline,  one  remaining 
at  the  bank  with  pick.  The  cars 
at  this  plant  were  of  a  capacity 
of  22i  cubic  feet,  though  larger 
ones  might  be  found  more  eco- 
nomical. From  250  to  300  cars  are  run  up  each  10-hour  shift. 
.    The  material  is  lifted  30  feet  to  the  mud  box  and  there  dumped  by 
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hand.  A  man  is  continually  employed  for  this  duty.  He  also  watches 
large  bowlders  and  prevents  jamming  in  the  flume.  However,  very 
few  large  stones  are  allowed  to  pass  through,  for  in  the  work  of  exca- 
vation the  larger  rocks  are  piled  at  one  side  of  the  track. 

One  man  is  employed  at  the  hoisting  winch  and  does  his  own  tiring. 
Three  114:-pound  sacks  of  coal  are  consumed  each  shift.  A  15-horse- 
power  boiler  is  used  with  vertical  engine,  and  a  five-eighths  inch  cable 
hauls  the  cars. 

The  dump  box  is  24  feet  long,  4  feet  wide,  and  3  feet  high,  and  has 
a  grade  of  1  inch  to  1  foot.  Following  this  are  240  feet  of  boxes  with 
a  grade  of  three-fourth  inches  to  1  foot.  The  boxes  are  10  inches 
wide  and  14  inches  high,  and  are  supplied  with  cast-iron  grate  riffles. 
These  are  16  inches  square  and  can  be  used  either  as  Hungarian  or 
longitudinal  riffles.  In  washing,  125  miner's  inches  are  used,  all 
obtained  by  gmvity  from  a  claim  above.  After  being  used  the  water 
is  caught  in  a  retaining  dam,  settled,  and  carrried  by  flume  to  a  lower 
claim,  where  it  is  sold.  Two  2-horse  scrapers  are  used  to  keep  tail- 
ings clear,  and  all  gravel  is  impounded  by  a  brush  dam  upon  the  claim. 

A  little  gold  is  caught  in  the  entire  string,  though  by  far  the  greater 
proportion  is  retained  in  the  mud  box  and  that  following.  In  the 
mud  box  a  perforated  iron  sheet  laid  over  the  riffles  aids  the  moving 
of  material  and  prevents  clogging.  In  the  center  of  this  sheet  is 
placed  a  heavy  iron  plate  which  receives  the  heavy  fall  from  the  cars 
and  saves  the  bottom  of  the  mud  box. 

Bed  rock  on  this  claim  is  mica-schist,  though  in  places  the  pay  Ls 
underlain  by  9,  stiff  clay.  The  gold  sinks  in  the  broken  schist  about 
2  foet,  ])ut  not  at  all  in  the  clay. 

A  bed-rock  drain,  250  feet  long,  has  been  cut  nearly  level,  which  is 
joined  by  small  drains  from  various  parts  of  the  pit.  ^^Only  about  15 
miner's  inches  of  water  were  running  from  the  drain  at  the  time  of 
observation.     Men  are  paid  $5  a  day,  with  board. 

The  advantages  of  the  car-and-incline  system  are  not  especially 
pronounced.  The  method  of  stripping  used  in  the  above-descri]>ed 
plant,  or  at  any  plant  where  water  under  pressure  is  available  can 
hardly  be  improved  upon.  Where  the  overburden  is  thawed  or  where 
frost  is  encountered  only  in  spots,  as  in  the  claim  under  discussion, 
hydraulicking  has  been  found  the  most  economical  and  efficient  means 
of  removing  material.  The  car  system,  however,  has  little  of  solid 
economic  advantage  to  recommend  it.  In  order  to  increase  capacit}^ 
more  men  must  be  employed  to  shovel.  In  this  system  an  undue 
proportion  of  time  is  consumed  in  tramming  the  cars  to  the  top  of  the 
incline.  A  mechanical  system,  such  as  derricking  or  steam  scraping, 
has  many  advantages  over  the  track-and-incline.  In  the  Klondike,  so 
far  as  could  he  learned,  the  track-and-incline  system  does  not  make  so 
economical  a  showing  as  other  methods  of  working  open  cut,  although 
the  opportunity  for  comparison  of  efficiency  was  limit^^d. 
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THE   STEAM   SHOVEL. 

Where  the  ground  exceeds  12  feet  in  depth  and  is  unfrozen,  certain 
conditions  justify  the  installation  of  a  mechanical  excavator  of  large 
capacity,  say  1,000  cubic  yards  or  more  in  twenty-four  hours.  It  will 
seldom  be  found  advisable  to  install  so  large  and  so  cumbersome  a 
machine  as  the  steam  shovel  in  the  creek  diggings  of  Alaska,  for  the 
ground  is  rarely  deep  enough  to  justify  the  expense  oiP  installation. 
On  bench  diggings,  however,  where  the  pit  can  be  drained  by  gravity, 
the  steam  shovel  has  a  value  which  has  probably  been  underestimated. 
The  fact  that  water  under  pressure  is  difficult  or  impossible  to  obtain 
for  the  hydraulicking  of  benches  raises  the  question  whether  these 
})ench  gravels  can  not  be  excavated  by  other  means.  The  value  of  the 
steam  shovel  lies  in  the  fact  that  it  performs  for  the  earth  worker  that 
portion  of  his  work  which  would  otherwise  be  most  expensive. 

The  ground  which  the  shovel  is  to  move  must  possess  certain 
favorable  conditions.  In  the  first  place,  it  must  be  entirely  free  from 
permanent  frost  when  the  dipper  lip  of  the  excavator  attacks  it.  If 
the  ground  holds  a  certain  amount  of  permanent  frost  and  this  can  be 
thawed  by  ground-sluicing  the  muck  off  at  a  period  far  enough  ahead, 
the  shovel  may  still  have  a  profitable  field,  but  its  operations  are  likely 
to  be  more  expensive.  Heavy  gravel  and  bowlders  are  easily  handled 
by  the  mechanical  excavator.  It  is  safe  to  say  that  no  quality  or  state 
*of  the  Alaska  gravels  makes  them  unfit  to  be  dug  by  the  dipper  except 
the  frozen  condition. 

The  bed  rock  must  be  of  sufficient  softness  to  allow  the  dipper 
lip  to  dig  far  enough  into  it  to  recdver  all  the  gold;  otherwise  a 
gang  of  men  will  have  to  follow  the  shovel  to  clean  bed  rock,  and  a 
largo  part  of  the  value  of  the  shovel  will  be  lost.  In  one  attempt  to 
operate  with  a  steam  shovel  in  the  interior  of  Alaska  it  was  found 
that  as  many  men  had  to  be  employed  in  cleaning  the  bed  rock  as  in 
the  entire  remainder  of  the  plant. 

A  prime  essential  to  success,  as  has  been  proved  by  experience,  is 
that  the  washing  plant  shall  be  isolated,  the  gravel  being  conveyed 
from  the  dipper  to  the  sluice  by  some  form  of  tramming.  If  cars  are 
used,  they  should  be  large — 2  yards  capacity,  or  even  larger.  Under 
ideal  conditions  the  dipper  will  dump  into  cars  which  run  by  gravity 
to  the  hopper  of  the  washing  plant,  the  water,  being  brought  to  the 
sluice  also  by  gravity.  The  full  cars  would  in  this  case  carry  the 
empties  back  to  the  pit.  It  is  rarely  possible,  however,  to  find  an 
auriferous  gravel  deposit  in  which  such  eminently  fit  conditions  exist 
for  work.  The  tramming,  even  when  it  must  be  up  an  incline  to  a 
height  of  35  feet  above  the  pit  floor,  adds  proportionately  little  to  the 
expense,  as  will  be  seen  by  figures  following.  It  is  a  common  fault  in 
all  steam-shovel  operations  that  the  shovel  is  ahead  of  the  C4ir  discharge. 
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A  partly  idle  steam  shovel,  however,  is  not  so  serious  a  fault  as  idle 
men,  since  the  shovel  draws  no  pay. 

As  to  capacity,  it  is  likely  that  a  2-yard  shovel,  fitted  with  extra 
long  boom  and  li-yard  dipper,  will  be  found  most  economical.  A  25- 
foot  bank  can  be  dug  and  caved.  If  the  sluice  and  tramming  capacity  is 
700  cubic  yards  a  day,  the  shovel  will  easily  supply  the  material  if  no 
frost  is  encountered. 

PI.  XI,  A,  shows  one  of  the  steam  shovel  plants  in  Alaska,  oper- 
ating on  Anvil  Creek.  The  work  done  by  this  shovel  is  considered 
satisfactory,  though  its  installation  is  experimental,  and  a  larger  one 
is  planned.  It  supplanted  a  hydraulic-elevator  system  which  was 
condemned.  The  25-ton  shovel  (three-fourths-yard  dipper)  is  working 
on  an  18-foot  face.  It  has  not  reached  the  bottom  of  the  gravel,  and 
must  make  another  cut  7  feet  lower  vertically  before  all  the  pay  is 
extracted.  It  is  said  that  from  July  23  to  September  1,  1904:,  25,000 
cars  of  li  cubic  yards  capacity  were  dug  and  moved  to  the  sluice 
boxes  at  a  working  cost  of  12  cents  a  yard.  The  low  bench  is  sufli- 
ciently  above  the  level  of  the  present  creek  to  permit  the  pit  to  be 
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Pig.  10.— Plan  of  steam-shovel  operations,  Anvil  Creek. 

drained,  the  seepage  water  being  handled  by  bed-rock  drain.  The 
workings  were  visited  a  second  time  three  weeks  after  the  present  cut 
was  made.     A  complete  section  of  the  bank  to  bed  rock  is  given  below: 

Feet. 

Muck 3 

Fine  gravel  and  sand 5 

Fine  subangular  gravel 5 

Large  subangular  schist  and  limestone  fragments,  stained  with  iron  oxide,  with 
a  few  bowlders  up  to  3  feet  in  diameter 15 

The  upper  3  feet  of  muck  was  ground-sluiced;  the  remainder  was 
moved  by  the  steam  shovel. 

This  frozen  ground  illustrates  the  peculiarly  trying  conditions  with 
which  the  Alaska  placer  miner  has  frequently  to  deal.  None  of  the 
ground  encountered  in  1904:  was  frozen.  In  the  early  part  of  the 
season  of  1903,  however,  on  account  of  the  light  snowfall  during  the 
preceding  winter,  the  sides  of  a  cut  opemted  on  were  frozen  to  a  depth 
of  8  feet  and  to  a  distance  of  15  feet  into  the  bank.     This  was  annual 
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and  not  permanent  frost.  Had  the  attempt  been  made  to  work  the 
ground  at  that  time  with  the  shovel  the  operations  would  have  been 
greatly  delayed.  In  PL  XI,  ^,  one  of  the  frequent  defects  of  the 
steam-shovel  system  is  apparent — the  shovel  idle  and  waiting  for  cars. 
In  this  plant,  after  the  shovel  had  worked  to  a  considerable  distance 
from  the  bottom  of  the  incline,  the  li-yard  cars,  3  in  number,  were 
trammed  to  the  bottom  of  the  incline  by  horses  and  hoisted  to  sluice 
by  a  15-hor8epower  hoist.  The  tranmiing  may  be  more  cheaply 
accomplished,  where  there  are  several  years'  work  ahead,  by  a  small 
locomotive  in  the  pit  running  to  the  bottom  of  the  incline  or,  under 
favorable  conditions,  directly  to  the  washing  plant.  Fig.  10  shows  a 
plan  of  the  operation  under  discussion. 

The  tramming  system  illustrated  by  fig.  11,  used  at  Galesburg,  111., 
in  one  of  the  shale  pits  of  the  Purington  Paving  Brick  Company,  is 
considered  highly  economical   in   steam-shovel   work.     As   may  be 
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Fia.  11.— Plan  of  Bteam-Bhovel  operations,  Galesburg.  ni. 

seen,  the  locomotive  occupies  a  position  intermediate  between  the 
two  trains  of  cars,  which  deliver  two  ways  to  the  bottom  of  two 
inclines  leading  to  the  hoppers  of  the  clay  machines  at  each  end 
of  the  pit.  In  placer  operations,  if  conditions  admit  of  dividing 
the  water  to  two  washing  plants,  this  system  is  to  be  recom- 
mended, as  it  allows  of  rapid  delivery  of  the  cars  from  the  shovel. 
In  this  plant  the  locomotive  keeps  20  cars  going,  each  of  2 
yards  capacity,  tramming  them  alternately,  in  trams  of  6  and  4, 
two  ways  to  the  ends  of  the  pit,  whence  they  are  hauled,  two  at  a 
time,  to  the  hoppers.  When  empty  they  run  down  and  are  switched 
automatically  to  the  empty  tracks.  The  90-ton  shovel,  of  5-yard  dip- 
per capacity  but  fitted  with  2-yard  dipper,  is  ahead  of  the  capacity  of 
the  clay  machines,  but  must  be  used  owing  to  the  diflBculty  of  digging 
the  firm  shale  which  composes  the  bank.  The  actual  yardage  moved, 
working  nine  hours  a  day,  is  670,  or  at  the  rate  of  1,488  yards  in 
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twenty  hours.  It  is  estimated  that  this  is  less  than  one-half  the  amount 
that  could  be  handled  were  the  shovel  digging  loose  gravel.  As  it 
now  works,  the  shovel  is  digging  only  one-third  the  time. 

For  moving  up  the  cars  within  reach  of  the  dipper  as  each  one  is 
filled  the  device  shown  in  fig.  12  is  used.  This  was  devised  by  Mr. 
W.  S.  Purington,  and  has  been  in  successful  use  at  this  plant  for  five 
years.  The  long  cylinder,  made  with  casting  to  attach  to  the  shovel, 
here  shown  on  the  near  side,  contains  a  piston  of  equal  length,  which 
is  supported  on  suspended  track  and  wheel  as  it  leaves  the  ^id  of  the 
cylinder.  To  the  near  end  of  the  piston  a  cable  passing  ovoiP  a  sheave 
is  attached.  The  other  end  of  the  cable  is  hooked  to  the  corner  of 
the  gravel  car,  steam  is  turned  into  the  near  end  of  the  cylinder,  and 
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Fig.  12.— Pulllng-up  device  for  steam  shovel. 

as  the  piston  travels  back  toward  the  forward  end  of  the  shovel  car 
the  gravel  car  is  hauled  by  the  cable  an  equal  distance,  from  5  to  7 
feet,  as  may  be  required.  Steam  is  then  turned  into  the  cylinder, 
allowing  the  piston  to  return  and  the  cable  to  free  itself;  the  cable  is 
unhooked  and  pulled  by  the  car  man  to  the  following  car  and  hooked 
in  readiness  to  pull  it  along.  The  amount  of  steam  and  the  time  con- 
sumed in  the  operation  are  so  small  as  to  be  almost  negligible.  By 
passing  the  cable  around  the  body  of  the  shovel  car  over  a  second 
sheave  the  cars  on  the  opposite  side  of  the  shovel  can  be  moved,  when 
the  relative  position  of  the  shovel  is  reversed. 

Dipper  chains  are  generally  preferable  to  cables  in  placer  opera- 
tions, as  illustrated  by  the  experience  of  the  shovel  dredge  in  Solomon 
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River,  elsewhere  described.  A  link  in  a  chain  can  ^)e  repaired  where 
a  wire  cable  can  not. 

The  moving  of  the  shovel  as  the  digging  progresses  must  be 
brought  down  to  the  most  economical  and  rapid  system  possible.  In 
the  Galesburg  operations  wooden  skids  of  6-inch  timber,  3  by  3  inches 
in  dimensions,  are  hung  from  the  jack  frames  by  chains,  and  thus 
require  no  attention  when  the  shovel  is  moved  up.  On  these  skids 
rest  6-inch  blocks,  2  by  2  feet,  on  which  the  jack  shoes  bear. 

In  the  Anvil  Creek  plant  the  present  arrangement  for  dumping  the 
cars  at  the  sluice  is  unsatisfactory,  and  will  be  changed.  Self -tripping 
two-way  dumping  cars  will  be  substituted  for  the  man  who  trips  the 
cars.  The  sluice  presents  no  new  features.  It  is  500  feet  long  by  32 
inches  wide,  by  36  inches  high  at  the  dump  box,  and  narrows  to  26 
inches  wide  by  24  inches  high,  in  10-inch  grade,  and  is  furnished  with 
angle  iron  riffles.  The  cost  of  digging,  tramming,  and  dumping  the 
gravel  to  sluice  is  said  to  be  12  cents  per  cubic  yard. 

The  cost  of  steam-shovel  operations  in  Alaska  is  not  evident  from 
the  cost  sheet  (table  1,  p.  38),  as  the  figures  there  given  cover  the  sluic- 
ing, often  with  purchased  water,  stripping,  amortization,  etc.  In  the 
Anvil  Creek  operation  the  actual  working  cost  of  digging  the  gravel, 
tramming  and  hoisting,  and  tripping  the  cars  to  the  sluice  box  is  given 
below,  as  estimated  by  the  superintendent,  the  figures  covering  810 
yards  in  twenty-four  hours,  and  including  superintendence  on  the 
ground,  labor,  crude  oil  fuel  at  $3  a  barrel,  lubricants,  etc. 

Cost  of  steam-shovel  vxrrk  at  Anvil  Greek ^  Alaska^  per  cubic  yard. 

Digging $0,045 

Tramming  to  incline ^ 025 

Hoisting 018 

Dumping 01 1 

Proportionate  superintendence  on  ground,  and  incidentals 021 

Cost  per  cubic  yard 120 

Figures  showing  the  cost  at  the  Galesburg  plant,  above  referred  to, 
are  available  in  detail,  for  handling  17,422  cubic  yards  of  shale  per 
month  of  26  taine-hour  days,  digging  from  50-foot  bank  with  a  shovel 
fitted  with  2-yard  dipper,  delivering  to  20  two-yard  cars  trammed  2 
ways,  1,500  and  2,000  feet,  respectively,  to  bottom  of  .2  inclines, 
hoisted  by  cable  to  hoppers  at  elevation  of  20  feet  above  the  track  and 
dumped  to  hopj)ers. 

Cost  per  month  of  steam-shovel  work  al  Galestnirgj  HI. 

1  engineer,  shovel $110. 00 

1  crane  man 85. 00 

1  fireman,  at  22i  cents  per  hour 62. 65 

3  trackmen,  17}  cents  per  hour  (shovel) 128. 85 

1  locomotive  engineer 80.00 
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Cost  per  month  of  gteam-shovel  work  at  Galesburgj  III. — Continued. 

1  switchman,  at  20  cente  per  hour $46. 80 

2  hoist  men,  at  20  cents  per  hour  (hoist  men  dump  the  cars) 93. 60 

li  tons  coal  for  shovel,  at  $2 78. 00 

i  ton  coal  for  locomotive 26. 00 

1  ton  coal  for  2  hoists , 52. 00 

Total 752.90 

Cost  per  cubic  yard 0432 

Charges  for  superintendence,  oil,  waste,  and  incidentals  are  omitted 
from  the  above.  Including  these  the  cost  is  practically  5  cents  a  yard. 
The  comparison  below,  however,  is  based  on  the  figure  of  $0.0432. 

If  two  of  the  trackmen  be  charged  to  the  shovel,  the  digging  opera- 
tion and  transfer  from  bank  to  car  costs  $0.0236,  or  54.6  per  cent 
of  the  operation  considered.  In  other  words,  the  digging  here  costs 
little  more  than  the  long  tram,  hoisting,  and  dumping,  and  thus 
the  object  of  using  mechanical  appliances  is  attained.  A  striking 
comparison  is  afforded  by  the  cost  of  operating  a  placer  which  uses 
the  car-and-incline  system  and  the  labor  of  men  to  fill  the  cars.  If 
the  duty  of  a  man  shoveling  gravel  into  a  car  is  taken  at  12  cubic 
yards  in  nine  hours,  and  the  men  are  paid  the  lowest  wage  given  in 
the  above  tables,  namely  $42.85  per  month,  56  men,  say,  would  be 
employed  filling  the  cars,  and  the  monthly  cost  would  be  $2,305,  or 
$0,132  per  cubic  yard,  5.6  times  as  great  as  that  with  the  shovel,  or 
84.8  per  cent  of  the  entire  operation  considered.  In  Alaska  where 
wages  for  shovelers  are  from  four  to  six  times  as  great,  the  percent- 
age of  cost  would  be  much  greater. 

Although  the  cost  of  12  cents  on  Anvil  Creek  appears  attractively 
low,  it  must  be  remembered  that  it  does  not  take  into  account  the 
lalwr  of  shovelers  cleaning  bed  rock  after  the  shovel.  This  opera- 
tion, unfortunately,  can  rarely  be  dispensed  with,  at  least  in  por- 
tions of  the  ground,  and  it  will  naturally  increase  the  cost  of 
getting  the  auriferous  material  into  the  cars.  In  some  places  in 
Alaska  the  slabs  and  leaves  of  bed  rock  must  be  scraped  with 
brooms  in  order  to  recover  all  the  gold.  The  prospective  steam- 
shovel  miner  should  keep  in  mind  the  fact  that  a  machine  which  will 
handle  a  large  quantity  of  material,  however  cheaply,  is  of  no  avail 
unless  it  can  succeed  in  extracting  a  large  percentage  of  the  values. 

The  steam-shovel  plant  at  the  junction  of  Bear  Creek  and  Klon- 
dike River  occupies  the  flood  plain  of  the  latter  stream,  a  fact  that 
influences  greatly  the  economical  excavation  and  disposal  of  material, 
since  both  lack  of  grade  for  washing  gravel  and  dump  for  disposal  of 
tailings  must  be  supplied  artificially. 

This  steam  shovel  (see  PI.  XI,  Ji)  digs  in  a  pit  20  feet  below  the  sur- 
face of  the  flat.  The  dipper  empties  into  cars  which  are  pushed  by 
hand  to  the  foot  of  an  incline  and  raised  by  steam  winch  to  the  pkt- 
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form  of  the  washing  frame,  where  they  are  dumped  by  hand  into  a 
hopper.  The  material  passes  through  a  trommel,  and  the  oversize  falls 
into  a  self-dumping  carrier  and  is  elevated  to  dump.  The  undersize 
passes  over  tables  and  through  sluices,  and  the  fines  are  also  mined  by 
steam,  a  scraper  being  employed  to  secure  dumping  ground.  There 
are,  therefore,  four  distinct  elevations,  viz,  by  the  shovel,  the  gravel  by 
the  tram,  the  coarse  tailings  by  the  bucket,  and  the  fines  by  the  steam 
scraper. 

The  pit  in  which  the  shovel  works  varies  in  depth  from  20  to  24 
feet.  The  gravel  lies  beneath  3  feet  of  muck,  is  generally  mixed  with 
considerable  sand,  and  extends  to  bed  rock.  The  material  is  well 
rounded  and  contains  very  few  stones  (but  1  per  cent)  that  are  over  18 
inches  in  diameter.  Considerable  black  sand  is  found  in  the  clean-up. 
In  spots  the  ground  is  frozen,  necessitating  the  occasional  use  of  steam 
points.  Steam  is  conveyed  across  the  cut  in  a  covered  steam  pipe 
hung  from  a  stretched  cable.  A  schist  bed  rock,  generally  hard,  is 
excavated  for  about  2  feet  by  the  shovel. 

The  shovel  weighs  35  tons  and  revolves  360^  upon  a  turntable.  The 
dipper  holds  1  cubic  yard,  and  the  machine  has  a  capacity  of  1,000 
yards  in  ten  hours,  though  this  can  not  be  obtained  owing  to  inadequate 
tramming  facilities.  Its  cost  on  the  ground  is  about  double  that 
charged  by  the  manufacturer.  The  boom,  when  horizontal,  reaches 
22  feet  beyond  the  bow,  but  when  at  level  of  track  only  about  14  feet. 
Three-quarter-inch  cables  are  used  in  transmitting  power.  The  faults 
of  cables  in  steam-shovel  practice  in  inaccessible  localities  have  been 
commented  on  above.  The  dipper  contains  no  new  features.  Prongs 
are  added  to  save  lip,  the  central  one  being  longer  than  those  adja- 
cent.    The  machine  has  3  engines  and  uses  in  all  about  40  horsepower. 

For  conveying  material  three  cars  of  2  yards  capacity  each  are  used, 
running  on  a  3-foot  gage  track  with  16-pound  rails.  The  cars  are  pushed 
by  hand  to  the  foot  of  an  incline,  which  has  an  angle  of  22^  and  extends 
100  feet,  and  thence  elevated  by  cable  connected  to  a  40-horsepower 
hoist.  Two  hundred  and  fifty  cars  are  usually  raised  in  ten  hours. 
On  reaching  the  platform  the  cars  are  dumped  by  hand  and  returned 
by  gravity  to  the  foot  of  the  incline. 

From  the  hopper  into  which  the  cars  dump  the  gravel  is  fed  into  a 
revolving  trommel  16  feet  long  and  3  feet  in  diameter  supplied  with 
a  worm  upon  the  inner  surface  and  punched  with  holes  varying  from 
one-half  to  H  inches  in  size.  The  rate  of  feed  is  regulated  by  hand, 
a  gate  being  raised  and  lowered  when  necessary.  Water  is  supplied 
to  the  trommel  by  a  6-inch  longitudinal  pipe.  All  oversize  passes 
directly  over  a  sheet-iron  chute  into  a  square  hopper,  from  which  it 
falls  by  gravity  into  a  self -dumping  carrier  and  is  elevated  approxi- 
mately 40  feet  upon  a  dump.  A  lO-horsepower  winch  does  this  duty. 
The  hopper  is  furnished  with  a  heavy  iron  gate,  raised  by  the  steam 
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winch  running  the  self-dumping  carrier,  and  is  lowered  by  its  own 
weight.  The  fines  (the  material  passing  through  the  trommel)  fall 
directly  on  gold-saving  tables  similar  in  design  to  those  used  on  many 
gold  dredges.  These  tables  (see  PI.  XII,  A)^  which  are  fed  by  two 
4-inch  pipes,  are  six  in  number  (three  on  each  side  of  the  trommel) 
and  have  a  gold-saving  surface  of  80  square  feet.  They  are  fitted 
with  expanded  metal  and  cocoa-matting  riffles,  which  prove  to  be  very 
efficient,  the  greater  part  of  the  gold  being  caught  near  the  upper 
end  of  the  first  table.  (See  PI.  XII,  B.)  The  material  then  passes 
to  a  longitudinal  sluice  which  consists  of  eight  boxes  22  inches  wide 
furnished  with  Hungarian  riffles  constructed  of  1-  by  3-inch  inclined 
cleats  capped  with  three-sixteenths-inch  iron.  The  tailings  are 
removed  by  a  steam  scraper  and  elevated  upon  a  dump.  The  winch 
for  the  scraper  is  30  horsepower  and  elevates  400  4-wheelbarrow  units 
15  feet  in  ten  hours,  seven-eighths-inch  cable  being  used.  It  will  be 
seen  that  the  above  double  elevation  of  material  must  be  costly,  using, 
as  it  does,  not  only  much  power,  but  also  additional  men  on  separate 
winches. 

The  greater  part  of  the  water  for  sluicing,  300  inches,  is  brought 
by  flume  from  Bear  Creek.  The  remainder,  amounting  to  KX)  inches, 
is  raised  from  the  pit  by  a  series  of  pumps.  A  No.  6  ccntrif ugjil 
pump  raises  the  water  to  the  foot  of  the  washing  apparatus,  from 
which  it  is  lifted  25  feet  by  a  No.  8  centrifugal  and  used  for  sluicing. 
A  35-horsepower  engine  does  the  latter  work.  An  additional  pulsom- 
eter  pump  is  occasionally  used  in  the  pit. 

The  power  plant  contains  two  BO-horsepower  boilers  and  one  50- 
horsepower  boiler,  wood  being  used  for  fuel.  Sixty  men  are  employed 
about  the  plant,  the  daily  wage  of  the  laborer  being  $4  and  board. 
The  men  work  two  10-hour  shifts  throughout  the  working  season. 

The  above-described  plant  will  undergo  considerable  change  in  the 
near  futuve,  improvements  designed  to  effect  greater  economy  being 
contemplated.  It  is  planned  to  haul  all  material  excavated  a  distance 
of  2,000  feet  by  locomotive,  in  trains  of  6  cars,  to  a  washing  plant 
on  the  banks  of  Klondike  River,  where  the  ground  is  8  feet  below 
the  upper  edge  of  the  pit,  and  then  wash  it  by  gravity  water  from 
Bear  Creek.  High  water  in  the  Klondike  will  greatly  economize  the 
handling  of  tailings,  and  it  is  hoped  the  full  capacity  of  the  shovel 
may  be  utilized. 

A  machine  run  on  principles  radically  different  from  those  described 
above  is  illustrated  by  a  steam  shovel  on  Eldorado  Creek,  in  the  Klon- 
dike region.  In  this  case  the  use  of  a  tramming  system  is  entirely 
avoided  by  so  arranging  the  plant  as  to  allow  direct  dumping  by  the 
dipper  into  the  sluice  boxes.  In  this  case  the  shallowness  of  the 
ground  and  the  use  of  a  50-foot  boom  permit  such  an  arrangement. 
The  work  lies  in  the  crcv^k  bed  proper  and  cuts  are  made  longitudi- 
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nally  along  the  stream,  the  sluice  boxes  being  moved  every  three  or 
four  days,  following  the  progress  of  the  shovel.  This  practice  alone 
involves  both  good  and  bad  features.  The  practice  of  dumping 
directly  into  the  sluice  is,  theoretically,  much  to  be  desired,  embody- 
ing, as  it  does,  only  one  elevation  of  the  gravel,  an  arrangement  which 
consumes  the  least  power  and  time — two  all-important  factors.  The 
moving  of  the  sluice  boxes,  however,  in  this  case  consumes  much 
time — from  one  to  two  days  for  each  move — and,  wages  being  $6  a 
day  and  the  season  very  short,  constitutes  a  serious  drawback,  greatly 
reducing  the  capacity  of  the  plant.  The  boom  of  the  machine,  as 
stated,  is  50  feet  long  and  hoists  the  gravels  30  feet  above  the  cut.  If 
an  arrangement  facilitating  the  moving  of  the  boxes  could  be  devised, 
so  as  to  avoid  the  long  delays  caused  by  this  operation,  a  very  satisfac- 
tory result  might  be  effected.  Such  a  system  requires  a  relatively 
shallow  bank,  however,  and  it  is  doubtful  whether  it  is  available  for 
steam-shovel  operations  in  general. 

In  this  instance  the  gravel  to  be  taken  out  is  frozen,  and  continuous 
thawing  must  accompany  the  advancing  work.  In  this  Work  15  steam 
points  are  driven  into  the  bank  to  bed  rock,  where  they  remain 
twenty-four  hours,  the  process  consuming  during  that  time  3  cords  of 
wood.    A  25-horsepower  boiler  is  used  for  this  duty.    (See  PL  XIII,  B.) 

Water  is  very  scarce  at  this  plant  and  is  used  repeatedly,  being  raised 
from  the  pit  by  a  centrifugal  pump  and  carried  back  to  the  sluice 
boxes  in  a  flume.  The  pump  also  serves  to  drain  the  pit.  The  sluice 
boxes  have  a  grade  of  9  inches  to  12  feet,  but,  with  the  water  at  hand, 
are  unable  to  keep  pace  with  the  capacity  of  the  machine. 

The  shovel  carries  a  one-yard  dipper  operated  by  chains.  It  is 
claimed  that  1  cubic  yard  is  moved  every  two  minutes.  Bed  rock  of 
a  slaty  nature  is  taken  up  to  a  depth  varying  from  2  to  5  feet. 

The  problem  of  disposal  of  tailings  is  a  difficult  one  and  has  not 

been  solved  economically.     A  steam  scraper  is  uj!>ed  and  all  tailings 

must  be  scraped  to  one  side  and  elevated.     Not  only  is  the  expenditure 

'  for  wood  an  item,  but  a  man  must  be  constantly  attending  the  scraper 

while  another  handles  the  steam  winch. 

A  tramming  system  which  would  convey  the  material  to  be  washed 
to  such  a  point  as  would  admit  of  the  disposal  of  tailings  by  gravity, 
even  if  a  thousand  feet  or  more  distant,  would  be  a  more  economical 
arrangement,  saving,  as  it  would,  not  only  all  elevation  of  tailings, 
but  also  all  delay  in  moving  the  washing  apparatus. 

Ten   men  are  employed  about  the  plant  each  shift,  occupied  in 
scraping   tailings,    forking   gravel    in   dump  box,   running   shovel, 
attending  steam  points,  and  in  cleaning  bed  rock  at  places  where  the 
dipper  could  not  effectually  work. 
Bull.  263—06 6 
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The  shovel  is  moved  by  rollers  running  on  skids,  power  being 
obtained  from  the  shovel  winch.     The  dipper  is  furnished  with  soft 

steel    prongs    which    wear    verj^ 
rapidly. 

DRIFT  MINING. 

INTRODUCTION. 

Northern  gold-gravel  deposits, 
that  are  sufficiently  rich  to  war- 
rant the  method,  can  generally  be 
exploited  by  drifting  beneath  the 
overburden  at  all  times  of  the 
year.  In  drift  mining  creek  de- 
posits the  gravel  is  hoisted  through 
shafts,  and  whert?  bench  gravels  are 
worked  it  is  generally  trammed 
through  adits.  In  all  portions 
of  the  interior  of  Alaska  and  in 
the  Klondike  the  drifting  of  aurif- 
erous gravels  has  been  carried 
on  with  fully  as  much  activity  in 
the  winter  as  in  the  summer.  As 
may  be  seen  by  the  cost  sheet, 
the  expense  of  winning  the  gold 
by  winter  drifting  and  spring  thaw- 
ing is  greater  by  over  $1  per  cubic 
yard  than  that  of  summer  work. 
This  increase  is  due  to  the  necessity 
of  rehauling  and,  in  many  cases,  of 
rethawing  the  dumps  in  the  sepa- 
rate process  of  sluicing.  In  con- 
sequence, only  the  richer  ground, 
running  from  $6  to  $10  to  the 
cubic  yard,  can  be  profitably 
drifted.  The  price  of  labor  dur- 
ing the  winter  in  the  interior  is 
only  25  per  cent  less  than  in  sum- 
mer, so  that  this  does  not  afford  a 
great  offset  to  the  increase  of  cost 
from  other  causes.  In  Seward 
Peninsula,  where  the  price  for 
winter  labor  is  only  $2.50  a  day 
and  board,  as  against  $5  in  summer, 
it  would  seem  that  winter  drifting  can  be  undertaken  more  generally 
than  heretofore.     A  reliable  operator  of  Nome  is  of  the  opinion  that 
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winter  drifting  operations  should  be  continued  in  that  vicinity  where 
timbering  is  necessary  but  thawing  is  not,  and  where  the  gravel  can 
be  trammed  to  surface  through  adit  for  $3  per  cubic  yard,  including 
all  expenses  of  extraction  and  sluicing-up  in  the  spring.  This  is  less 
than  double  the  cost  of  drift  mining  in  the  Forest  Hill  divide  region 
of  California,  where  conditions  are  eminently  favorable. 

Neglect  to  sample  is  the  worst  possible  practice,  as  many  lamentable 
failures  have  resulted  from  overconfidence  in  the  value  of  the  ground 
taken  out,  and  the  miner  who  confidently  waits  for  the  big  wash-up 
before  thoroughly  knowing  the  amount  of  gold  in  the  material  he  is 
handling  is  frequently  doomed  to  disappointment.  The  method  of 
sampling  the  dump,  given  under  the  heading  "Hydraulic  ifiining" 
(p.  118),  is  to  be  highly  recommended  for  all  work  of  this  nature. 

Where  timber  is  scarce  and  costly,  and  wood  for  fuel  has  to  be 
hauled  from  a  distance,  it  is  advisable  to  consider  the  entire  abandon- 
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Fio.  14.— Syatem  of  opening  drift  mine. 


ment  of  attempts  at  winter  work.  The  amount  of  gravel  which  can 
be  hauled  is  less,  and  the  cost  per  cubic  yard  is  .greater.  The  time 
spent  in  sluicing  the  winter  dump  may  frequently  be  more  profitably 
employed  in  preparing  for  the  summer.  The  ordinary  small  rig  for 
drifting  operations  without  timbering  is  shown  in  fig.  13. 

DRIFTING  AND  TIMBERING. 

Drift  mining,  whether  the  workings  are  approached  by  shaft  or 
adit,  can  be  most  economically  conducted  by  adopting  the  system 
which  proved  so  successful  in  California.  The  mine  is  opened  by  a 
main  tunnel  or  runway,  6  by  6  feet,  which  generally  requires  timber- 
ing, with  logs  8  by  8  inches,  6  feet  long,  the  sets  having  5-foot  centers. 
This  runway  is  continued  out  to  the  end  of  the  block  of  ground  which 
it  is  proposed  to  work,  say  from  50  to  100  feet  in  ordinary  Alaska 
operations.  It  is  assumed  that  the  runway  occupies  the  longer  dimen- 
sion of  .the  ground  and  approximately  the  center  of  the  pay  streak, 
say  75  or  100  feet  in  width.  From  the  main  tunnel  drifts  are  run 
transvei*sely  each  way  to  the  outer  edges  of  the  pay.  These  generally 
do  not  require  timbering  in  frozen  ground.  Fig.  14  illustrates  the 
system  of  main  runway  and  drifts.  The  gravel  can  now  be  breasted 
out,  a  face  being  carried  the  full  width  of  the  pay  and  the  work  being 
continued  in  two  or  more  of  the  drifts,  as  desired,  the  breasts  being 
always  carried  toward  the  shaft  or  adit  mouth.     The  drifts  may  be 
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timbered  either  with  sets,  where  ground  is  heavy,  with  single  posts 
and  caps  in  moderately  firm  ground,  or  left  entirely  untimbered,  as 
in  solidly  frozen  ground.  Fig.  15  shows  the  manner  of  timbering 
closely  and  rock  filling  behind  when  breasting  out  faces  of  loose 
gravel  in  the  Hidden  Treasure  gravel  mine  in  California.  The 
sketch  is  made  up  in  part  from  report  of  Mr.  Ross  E.  Browne,^ 
and  in  part  from  the  writer's  own  observations.  The  system  of 
filling  behind  with  quartz  stones  is  impracticable  for  Alaska  min- 
ing; instead  of  this  timbers  should  be  pulled  and  the  ground  allowed 
to  cave.  This  fonn  of  timbering  is  in  use  in  the  drift  mines  of  Solo- 
mon Hill,  Klondike,  except  that  instead  of  separate  base  blocks  sills 
are  used.  Fig.  16  shows  a  portion  of  the  drift  operations  which  were 
prosecuted  on  Solomon  Hill  in  the  early  years  of  the  Klondike  exploita- 
tion. The  plan  of  the  workings  is  here  reproduced  by  courtesy  of  Mr. 
George  T.  Coffey,  manager  of  the  Anglo-Klondike  Mining  Company's 


Floor  of  channe/ 
Fig.  15. —Hidden  Treasure  system  of  timbering  drift  mine. 

operations.  The  drifting  operations  in  the  southern  portion  of  the 
ground  are  still  in  progress.  PI.  XHI,  J?,  shows  the  mouth  of  one 
of  the  adits  leading  to  the  operations. 

The  main  adits  are  timbered  with  4-inch  timbers,  in  sets  with  5i-foot 
centers,  at  a  cost  of  $1.75  for  framing  and  putting  in  per  foot  of  tun- 
nel run.  The  entire  cost  of  driving  the  tunnel  51  feet  high,  including 
steam  thawing,  excavating,  tramming,  timbering,  and  laying  track  of 
12-pound  i*ail,  was  $6.25  per  foot.  Transverse  drifts  were  run  from 
the  main  adits,  and  the  ground  was  always  breasted  out  in  the  direction 
of  the  adit  mouth.  The  irregularity  of  the  workings  in  a  pprtiou  of 
the  ground  is  accounted  for  by  the  fact  that  a  certain  amount  of  unsys- 
tematic work  had  been  done  previous  to  the  purchase  of  the  ground  by 
the  present  company. 

The  ground  is  solidly  frozen  and  had  to  be  thawed  by  steam  points. 
The  rate  of  speed  with  which  the  work  was  carried  on  may  be  judged 
from  the  fact  that  two  men,  working  a  shift  in  running  a  straight 

oThe  ancient  river  beds  of  the  Forest  Hill  divide:  Tenth  Ann.  Kept.  State  Min.  Cal..  1890,  p.  452. 
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tunnel  after  the  points  had  been  left  in  fourteen  hours,  averaged  5i 
feet,  including  taking  out  the  points,  putting  in  timbers,  keeping  up 
the  track,  and  driving  in  other  points  to  a  distance  of  5  feet.  The 
average  height  to  which  the  gravel  was  taken  out  in  a  representative 
block  was  4  feet.  PI.  XIV,  A  (p.  86),  shows  the  remnants  of  old  drift 
timbers  in  ground  which  has  been  hydraulicked  subsequently  to  the 
drifting  of  the  rich  bed-rock  pay.     The  cost  of  mining  was  $5.50  per 


Drifting  operwtion*  Claim  b 
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Fig.  16. — Plan  of  drifting  operations  on  Solomon  Hill,  Klondike. 

square  yard  of  area  worked.  In  drifting  out  the  ground  it  was  found 
that  three  points  in  a  face  6  feet  wide,  allowed  to  thaw  twelve  hours 
and  then  withdrawn,  the  ground  being  '^  sweated"  twelve  hours  longer, 
would  thaw  all  the  ground.  The  sluicing  was  conducted  in  the  ordi- 
nary way  of  piling  up  the  dump  and  afterwards  caving  and  hydraulick- 
ing  with  a  nozzle  into  the  boxes.  The  actual  working  cost  of  washing 
was  about  18  cents  per  square  yard  of  area  worked. 
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In  drifting  operations  on  a  bench  of  Anvil  Creek,  Seward  Peninsula, 
a  main  long  adit  was  run  4:  by  6  feet  6  inches  in  the  clear,  at  a  cost  of 
$4  a  foot,  untimbered,  for  the  entire  width  of  the  ground  in  a  direction 
transverse  to  that  of  the  creek.  This  was  500  feet  in  length  and  was 
10  feet  below  the  surface  of  the  schist  bed  rock.  The  average  depth 
of  the  ground  was  20  feet,  being  2  feet  of  muck,  11  feet  of  wash  gravel 
containing  almost  no  gold,  and  7  feet  of  pay  dirt,  the  last  consisting 
of  5  feet  of  pay  gravel  and  2  feet  of  bed  rock,  which  contained  the 
best  pay.  This  was  the  thickness  drifted.  The  adit  served  as  a  drain 
for  the  workings.  The  ground  was  only  partially  frozen,  and  it  is 
likely,  as  has  been  found  in  parts  of  the  Alaska  interior,  that  the  con- 
stant draining  of  the  ground  assisted  in  a  gradual  thawing  of  the 
frozen  parts.  From  the  end  of  this  main  adit,  a  long  tunnel  (600  feet) 
was  run  for  the  length  of  the  ground  which  was  to  be  drifted,  at  a 
level  of  8  feet  above  that  of  the  adit  floor.  This  was  timbered  with 
6-  by  6-inch  posts,  8-  by  8-inch  caps,  sets  with  4-foot  centers,  lagged 
with  2-  by  6-inch  plank,  top  and  sides.  From  this  long  drift  cross  drifts 
were  run  in  a  direction  parallel  to  that  of  the  main  adit,  at  inten^als 
of  100  feet,  and  with  lengths  of  40  feet  on  each  side  of  the  main  longi- 
tudinal drift.  The  ground  was  then  breasted,  carrying  a  40-foot  face 
toward  the  adit.  The  Hidden  Treasure  system  of  timbering,  using  false 
sets,  was  employed.  Track  was  laid  both  in  the  main  adit  and  in  the 
upper  workings,  and  cars  of  21  cubic  feet  capacity  were  employed  in 
tramming,  4  in  the  main  adit  and  from  15  to  20  in  the  upper  workings. 
The  fitopes  never  exceeded  20  feet  in  back  and  forward  dimensions. 
The  timbers  used  were  8-  by  8-inch  posts,  7  feet  long;  10-  by  10-inch 
caps,  11  feet  long;  5-foot  centers,  all  ways,  between  posts.  Boards 
were  laid  down  to  shovel  on.  The  ground  was  so  heavy  it  was  found 
impossible  to  save  the  timbers,  but  the  track  was  all  recovered.  In 
extracting  21,000  cubic  yards,  timbering  cost  $14,000,  with  lumber  at 
$50  per  thousand. 

The  gravel  was  trammed  to  surface  and  distributed  on  a  long  dump 
40  feet  on  each  side  of  a  previously  constructed  24-inch  sluice  500 
feet  long.  As  usual,  planks  were  laid  on  top  of  the  sluice,  and  when 
spring  opened  the  gravel  was  caved  and  horse  scraped  into  the  sluice. 
In  distributing  the  gravel  on  the  dump  3  men  and  a  horse  scraper  had 
to  be  employed  most  of  the  time  in  keeping  the  snow  off,  on  account 
of  especially  heavy  snowfalls  when  the  work  was  being  done.  When 
completed,  the  dump  measured  700  by  80  by  20  feet,  approximately. 
The  drifting  work  consumed  nearly  eleven  months,  and  the  sluicing 
about  two  months,  being  delayed  on  account  of  frost  in  the  gravel. 

Labor  employed  averaged  45  men  in  two  shifts  of  ten  hours,  at 
winter  wage  of  $2.50  a  day  and  board.     A  shift  in  the  drifting  opera- 
tions consisted  of  10  men  shoveling  into  cars,  averaging  8  cubic  yards  . 
to  the  man;  3  to  4  trammers  took  care  of  the  dirt  shoveled.     In  sluic- 
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ing,  10  men  and  two  2-horse  scrapers  were  used  to  a  shift.  The 
product  of  the  operations  was  $160,000;  and  the  cost,  including  pre- 
liminary prospecting,  was  59  per  cent  of  the  output.  The  work  was 
done  in  1901-2,  and  the  opinion  was  given  by  the  operator  that  the 
cost  could  be  decreased  20  per  cent  under  present  conditions. 

In  drifting  operations  on  high  benches  lying  between  Anvil  and 
Dexter  creeks  near  Nome  the  gravel  must  be  hoisted  through  shafts. 
It  is  said^hat  powder  is  efficient  in  extracting  the  frozen  ground. 
This  is  contrary  to  experience  in  the  Alaska  interior,  and  is  doubtless 
due  to  the  fact  that  the  gravel  is  not  nearly  so  solidly  frozen.  In  fact, 
it  is  said  that  the  powder  is  used  for  only  a  portion  of  the  time. 
From  the  main  shaft,  which  must  be  in  some  cases  230  feet  deep  to 
reach  the  second  pay  streak,  a  drift  is  run  the  length  of  the  pay 
ground.  From  this,  transverse  drifts  are  run  at  alternate  intervals  of 
50  feet  in  each  side  of  the  main  drift.  Some  operators  sink  the  shaft 
on  the  side  rather  than  in  the  center  of  the  ancient  channel,  as  by  this 
method  the  shaft  is  less  likely  to  '' squeeze."  The  shafts  are  3  by  6 
feet,  timbered  with  2-  by  12-inch  plank  laid  up  on  the  sides,  with  2-  by 
4-inch  timbers  set  vertically  on  the  corners  inside. 

The  face  can  be  carried  from  50  to  100  feet  in  length  in  the  winter, 
as  the  constant  slight  freezing  renders  the  gravel  less  heavy.  In  sum- 
mer, on  the  other  hand,  the  ground  must  be  worked  in  small  blocks. 
With  the  methods  of  timbering  in  use,  6-  by  6-  to  10-  by  10-inch  sawed 
posts  are  put  in,  on  base  block,  and  with  a  short  4-  by  12-inch  plank 
cap,  posts  having  3-foot  centers  in  all  directions.  A  space  of  3  sets  in 
width  is  generally  carried  before  the  ground  is  allowed  to  cave.  When 
the  ground  is  ready  to  cave  a  bulkhead  is  nailed  to  the  second  set,  the 
timbers  are  pulled  with  ropes  from  the  third,  and  the  caved  ground  is 
caught  by  the  bulkhead.  The  breast  is  then  carried  forward  as  before. 
No  lagging  is  used  except  in  the  shaft  and  the  main  runway.  In  sum- 
mer work  the  area  of  bed  rock  exposed  in  one  stope  rarely  exceeds  10 
feet  square. 

In  sluicing  the  dumps  from  winter  operations  on  the  high  Anvil 
benches,  the  expedient  is  adopted  of  building  s^iall  dams  of  sod  and 
erecting  snow  fences  behind  them  to  catch  snowdrifts,  so  that  sluic- 
ing water  may  be  afforded  in  the  spring  from  the  melting  snow.  The 
remarkable  phenomenon  of  deep-lying  pay  streaks  on  the  Anvil 
benches  has  been  considered  by  Mr.  A.  J.  Collier'*  in  his  geological 
account  of  the  Nome  district. 

On  Eagle  Creek,  in  the  Birch  Creek  district,  an  interesting  drifting 
operation  was  seen.  It  is  especially  difficult  to  work  the  creek  claims 
by  drifting  on  account  of  the  partially  thawed  character  of  the  gravel. 
A  bed-rock  drain  was  run  in  winter  at  one  side  of  and  parallel  with  the 

a  The  pUcer  deposits  of  Seward  Peninsula:  Bull.  U.  8.  Geol.  Survey,  In  preparation. 
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pay  streak,  and  low  enough  to  drain  all  the  ground  which  it  was  pro- 
posed to  work.  The  drain  was  covered  and  lagged  with  poles  and 
thus  rendered  permanent.  A  shaft  was  then  sunk  at  the  lower  end  of 
the  ground,  4  by  8  feet  in  dimensions  and  20  feet  deep.  This  was 
timbered  only  for  the  upper  14  feet,  and  was  sunk  in  three  days  by  2 
men.  A  tunnel  was  then  run  upstream  the  length  of  the  ground, 
wide  enough  to  admit  8-foot  caps.  Posts  were  5  feet  long,  all  timber 
being  9  inches  square.  Sets  had  4i-foot  centers,  and  the  tunnel  was 
lagged  overhead  with  2i-inch  flattened  poles.  A  set  of  tintbers  deliv- 
ered cost  $4,  there  being  34  caps  to  a  cord  of  wood.  Lateral  drifts 
8  feet  wide  were  driven  at  intervals  of  8  feet,  4i  feet  in  thickness  of 
gravel  being  taken.  The  gravel  was  wheeled  to  the  shaft  and  wind- 
lassed  to  surface,  about  25  cubic  yards  being  raised  in  ten  hours. 
The  lamentable  lack  of  any  tramming  arrangement  for  transporting 
the  gravel  to  a  distance  resulted  occasionally  in  the  caving  in  of  the 
ground  from  the  added  weight  of  the  dump.  The  gravel  so  laboriously 
raised  was  thus  lost.  Some  idea  of  the  difficulties  of  opemting  on  Eagle 
Creek  may  be  seen  from  the  following  figures:  Wood  was  $10  a  cord, 
not  excessively  high;  lumber,  $180  a  thousand;  and  freight-packing 
rates  from  Circle  on  the  Yukon,  25  cents  a  pound  in  summer  and  8 
cents  in  winter.  Considering  the  remoteness  of  the  district,  the  work 
carried  on  was  remarkably  good  and  systematic. 

THAWING. 

One  who  has  never  visited  the  interior  of  Alaska  finds  it  difficult 
to  conceive  the  formidable  condition  of  solidly  and  perpetually  frozen 
alluvium  which  is  there  encountered  by  the  placer  miner.  The  quan- 
tity of  water  in  the  form  of  ice  which  occurs  in  the  frozen  gravel 
averages  about  25  per  cent;  while  in  the  overlying  fine,  black  silt 
which  forms  the  overburden  the  quantity  of  ice  varies  from  50  to  76 
per  cent.  Whatever  may  be  the  physical  composition  of  the  material, 
it  forms  a  mass  as  solid  and  as  difficult  to  penetrate  as  solid  stone,  and 
can  be  disintegrated  only  by  exposure  to  the  sun's  rays  or  by  the  long- 
continued  application  of  some  form  of  energy  artificially  applied. 

In  any  open-cut  operations  the  dense  blanket  of  moss,  from  12  to 
18  inches  in  thickness,  which  covers  the  frozen  ground,  must  be 
broken  into  and  turned  over  either  by  adzes  or  plows  before  the  action 
of  sun  and  water  can  take  any  effect  on  the  underlying  muck.  As  has 
been  said,  this  effect  is  remarkably  rapid  when  the  water  is  allowed  to 
run  over  the  exposed  black  and  icy  mass. 

A  curious  condition  exists  in  the  treeless  areas  of  Seward  Peninsula. 
Wherever  a  growth  of  stunted  willows  occurs,  the  ground  beneath  is 
found  to  he  thawed,  and  wherever  the  willows  are  replaced  })y  moss 
the  ground  is  frozen  solid.  The  rule  is  not  without  exceptions,  but 
has  been  found  to  have  mther  general  application.     The  distribution 
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of  the  willows  and  moss-covered  patches  in  the  creek  bottoms  and 
along  the  low  valleys  appears  to  be  entirely  irregular.  For  further 
notes  on  the  frozen  and  half -frozen  conditions  existing  in  the  interior 
reference  may  be  made  to  the  matter  presented  under  the  heading, 
"Prospecting." 

Drifting  operations  in  the  creek  deposits  of  the  Klondike,  Birch 
Crock,  Fortymile,  and  Fairbanks  districts  of  the  interior  are  nearly 
always  carried  on  in  solidly  and  perpetually  frozen  ground.  A  nec- 
essary accompaniment  of  the  work  is  the  thawing  of  the  ground  by 
artificial  means.  Mr.  Greenleaf  W.  Pichard  has  thoroughly  investi- 
gated for  this  report  the  possibilities  of  using  any  form  of  the  electric 
furnace  for  thawing  the  frozen  gravel,  and  has  reached  the  conclusion 
that  electric  thawing  is  impracticable.  The  thawing  of  ground  which 
lies  open  to  the  air,  b}'  the  combined  agencies  of  sun  and  water,  will 
be  considered  under  the  heading  ''Hydraulic  mining."  Artificial 
power,  through  the  agency  of  the  steam  point,  is  only  in  rare  cases 
applied  in  open-cut  work.  The  Klondike  district  afforded  a  few  exam- 
ples of  this  application  of  power,  notably  in  connection  with  dredg- 
ing operations  on  Bonanza  Creek,  the  steam-shovel  operations  on 
Bear  Creek,  and  in  two  open  cuts  on  Upper  Dominion  and  Hunker 
creeks.  PL  XIV,  B  (p.  86),  shows  an  application  of  the  steam  point 
to  open-cut  mining  on  Hunker  Creek.  It  is  difficult  to  determine 
the  efficiency  in  open  work,  as,  naturally,  a  portion  of  the  thaw- 
ing is  done  by  the  sun.  From  the  data  collected,  however,  it  does 
not  appear  to  be  any  greater  than  its  underground  efficiency,  which 
will  be  presently  discussed. 

The  method  of  thawing  gravel  underground  by  wood  fires  is 
expensive  and,  unless  the  conditions  are  very  exceptional,  is  not  used 
in  those  districts  where  transportation  facilities  permit  the  bringing 
in  of  boilers. 

According  to  experience  on  Deadwood  Creek,  Birch  Creek  district, 
the  efficiency  of  a  wood  fire  in  creek  ground  was  as  follows:  A  fire 
taking  three-fifths  cord  of  wood  (at  $12  a  cord)  is  built  against  the 
face  of  the  bank.  The  pile  of  wood  will  be  18  inches  wide,  2  feet 
high,  and  25  feet  long.  8tones  are  laid  up  over  the  pile  and  a  space 
is  left  to  light  the  tire.  The  fire  is  lighted  at  5  p.  m.  and  left  to  burn 
until  8  a.  m.  the  next  day.  The  stones,  which  quickly  get  hot,  are 
regarded  as  most  efficient  in  thawing.  On  a  4-foot  thickness  of  pay 
this  amount  of  fire  will  thaw,  in  the  time  specified,  from  5  to  6  cubic 
yards  of  gravel.  This  is  at  the  rate  of  9.2  cubic  yards  thawed  to  the 
cord  of  wood,  which  is  considerably  less  efficient  than  the  method  of 
thawing  with  steam.  Time,  delays,  and  awkwardness  of  the  method, 
moreover,  make  wood-fire  thawing  the  most  expensive  that  can  l)o 
adopted.  The  figures  per  foot  for  shaft  sinking  range  from  $3.16  to 
$7.50  in  taking  gravel  from  prospect  shafts.     The  efficiency  given  in 
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the  above-cited  case  on  Deadwood  Creek  appears  to  be  very  nearly 
the  same  as  that  given  by  Mr.  E.  D.  Levat^-  for  the  operations  in 
eastern  Siberia. 

_  a 


4-a 


>Aaa= 


ni=cr 


to  main  steam  pipe 


j3-fl3B" 


O  t^B  S -., 


H 


\ 


=S=<9) 


The  direct  application  of  jets  of  dry  steam  to  the  gravel  bank 
through  the  agency  of  driven  pipes  has  been  found  to  be  the  most  effi- 

oL'Or  en  SlWrie  orientale.    The  formula  used  is:  Each  breadlh  of  1  inch  of  wood  applied  at  the 
foot  of  the  face  thaws  an  equal  width  of  gravel. 
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cient  method  in  general  practice  for  thawing  frozen  gravel.  The 
amount  of  moisture  contained  in  steam  can  be  judged  by  the  color  of 
a  jet  of  steam  issuing  from  a  small  bi-ass  pet  cock.  If  it  is  trans- 
parent or  whitish  near  the  oritice  it  contains  less  than  2  per  cent  of 
moisture;  if  pure  white,  the  moisture  is  above  2  per  cent. 

Fig.  17  shows  the  details  of  the  steam  point  and  some  of  the  fittings 
which  its  use  entails. 

In  creek  claims  exceeding  15  feet  in  depth  where  solidly  frozen 
ground  occurs,  as,  for  example,  in  the  new  Fairbanks  district  of 
Alaska,  the  method  of  drifting  with  the  use  of  the  steam  point  is  as  fol- 
lows: A  20-horsepower  boiler,  capable  of  running  10  steam  points,  is  put 
on  the  ground,  and  frequently  one  or  two  extra  long  points  are  provided 
for  sinking  holes.  These  long  points,  from  10  to  12  feet  in  length,  are 
not  so  strongly  made  as  the  5-foot  points  used  in  the  drifting  opera- 
tions. In  some  cases  pieces  of  one-half-inch  hydraulic  pipe  are  used. 
The  point  is  set  up  on  the  ground  and  steam  or  hot  water  is  turned 
on.  The  time  for  sinking  a  hole  by  this  method  to  bed  rock  is  from 
twenty-four  to  forty-eight  hours.  If  large,  flat  stones  are  encoun- 
tered in  the  gravel  underlying  the  muck  it  is  sometimes  advisable  to 
use  strong,  specially  made  points  to  prevent  breaking.  The  average 
radius  of  a  vertical  shaft  thus  thawed  by  a  single  point  is  2  feet,  and 
the  hole  when  cleaned  out  has  a  cylindrical  or  tube  shape. 

If  timbering  is  required  after  the  shaft  is  sunk  it  is  generally  found 
that  the  hole  will  thaw  sufficiently  to  allow  the  shaft  to  be  carried  4  by 
5  feet  or  4  by  6  feet  inside  the  timbers.  As  a  rule,  however,  winter 
shafts  are  not  timbered.  When  bed  rock  is  reached  a  tunnel  or  run- 
way is  run  for  a  distance  varying  from  50  to  100  feet  from  the  tunnel 
lengthwise  of  the  claim.  From  this  central  drift,  which  is  generally 
timbered,  lateral  drifts  are  run  to  a  distance  not  exceeding  50  feet,  or 
from  this  down  to  10  feet,  or  the  width  of  the  pay  streak.  Two  tun- 
nels parallel  with  the  central  runway  are  carried  at  the  ends  of  the 
cross  drifts  and  connections  made  from  them  to  the  shaft.  These  are 
rarely  timbered. 

The  frozen  condition  of  the  overburden  allows  a  firm  roof  to  stand 
without  timbering  while  the  gravel  is  being  extracted.  This  is  a  great 
advantage  and  in  part  offsets  the  difficulties  attending  the  breaking 
up  of  the  frozen  gravel.  The  ground  is  now  ready  for  working.  The 
drifts  and  main  ways  are  run  as  low  as  possible  in  cases  where  the  pay 
is  thin,  but  a  height  of  3^  feet  is  the  lowest  that  can  be  worked  with 
economy. 

During  the  night  shift  sufficient  gravel  is  thawed  to  occupy  the 
men  in  extracting  it  in  the  daytime.  In  handling,  not  only  the  pick- 
ing and  shoveling  from  the  bank  must  be  allowed  for,  but  the  wheeling 
to  the  shaft,  the  time  of  return  to  the  face,  and  the  hoisting  of  the 
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gravel  to  the  surface  and  conveying  to  the  dump.  The  face  exposed 
by  the  cross  drift  at  the  far  end  of  the  runway  is  worked  back  toward 
the  shaft,  and  the  gravel  is  trammed  in  wheelbarrows  to  the  shaft  and 
hoisted.  Points  5  feet  in  length  are  used  to  thaw  the  gravel,  and  are 
generally  used  in  "batteries"  or  ''crossheads"  of  four  (see  fig.  17, 
p.  90).  The  points  are  supplied  with  steam  from  a  crosshead  of  iron 
gas  pipe,  three-fourths  inch  in  diameter,  fitted  with  elbows  and  short 
pieces  of  one-half  inch  pipe  leading  to  the  steam  hose,  to  which  the 
points  are  attached.  The  valves  are  generally  set  in  these  short  pieces 
of  pipe.  The  points  are  driven  in  with  a  mallet  by  the  point  man 
working  on  the  night  shift.  The  points  are  left  in  the  bank  from  ten 
to  fourteen  hours.  The  thawing  is  nearly  always  done  on  the  night 
shift,  the  only  men  occupied  being  the  point  man  below  and  the  fireman 
at  the  boiler  above.  Each  point  thaws  a  block  of  gravel  on  an  average 
6  feet  into  the  bank,  18  inches  on  each  side  of  the  point  and  4  feet  high. 
The  crosshead  is  laid  on  the  floor  of  the  drift,  at  a  distance  of  10  feet 
away  from  the  face,  and  the  steam  hose  connecting  each  cock  of  the 
crosshead  with  the  individual  points  must  be  long  enough  to  reach  the 
desired  distance  for  placing  the  point  in  the  bank.  The  cross  pipe  <?, 
to  which  the  hose  clamp  attaches  the  hose,  should  be  carried  through 
the  steel  head  and  brazed  on  the  opposite  side  so  that  it  will  not  break 
off  by  a  chance  blow  from  the  mallet. 

It  is  cpnsidered  good  practice  as  a  rule  to  start  the  points  with  hot 
water  turned  through  the  hose.  The  points  must  be  driven  carefully 
and  slowly,  and  for  10  points  distributed  along  a  face  the  average 
time  needed  is  from  one  to  three  hours.  The  amount  of  steam 
required  for  each  point  has  been  found  to  vary  in  amount  from  1  to  2 
boiler  horsepower.  One  and  one-half  may  be  ta*ken  as  a  safe  average. 
The  amount  of  grayel  which  a  point  will  thaw  appears  to  vary  with 
the  length  of  the  point,  and  this  is  regulated  somewhat  by  the  char- 
acter of  the  gravel.  The  5-foot  point  has  been  found  the  most 
economical  size  for  the  small  operator. 

A  typical  illustration  of  the  efficiency  of  the  points  in  the  Fairbanks 
district  is  the  experience  at  No.  8,  below  Fairbanks  Creek.  Points  of 
Dawson  manufacture,  5  feet  long,  costing  $15  each  laid  down,  were 
used  in  crossheads  of  four.  They  were  put  in  at  distances  of  from  2 
feet  6  inches  to  3  feet  apart.  The  points  were  started  with  hot  water, 
and  it  took  three  hours  to  drive  them  in.  A  12-horsepower  boiler 
supplied  the  steam  for  10  points,  three-fourths  of  a  cord  of  wood  being 
burned  on  the  night  shift,  when  the  thawing  was  done.  In  twelve 
hours  the  10  points  thawed  a  block  of  gravel  30  feet  in  length  by  5 
feet  in  height  by  6  feet  into  the  bank — an  average  of  3.3  cubic  yards 
to  the  point. 

The  above  is  a  little  high  for  the  average  duty  in  the  Fairbanks  dis- 
trict, but  is  low  for  the  Klondike  creek  drifting  operations.     A  typical 
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result  on  Hunker  Creek,  where  li  to  H  horsepower  was  used  for  each 
5i-foot  point  running  ten  hours,  was  4i  cubic  yards.  PI.  Ill,  B 
(p.  40),  shows  a  winter  drifting  operation  in  the  Klondike,  and  PI. 
XV,  A  (p.  92),  shows  a  drifting  operation  during  eummer  on  Fair- 
banks Creek.  PI.  XIV,  B,  shows  a  battery  of  steam  points  thawing 
ground  in  the  open  in  preparation  for  excavating  by  a  steam  shovel. 
Three  cords  of  wood,  at  $13  per  cord,  were  burned  in  twenty-four 
hours  to  generate  steam  for  operating  15  of  these  points  10  feet  long. 
These  thawed  ground  14  feet  deep  to  bed  rock.  As  4  cords  of  wood 
were  burned  in  addition  on  the  steam  shovel,  and  20  men,  at  $6  a  day, 
were  employed  in  the  twenty -four  hours  to  get  out  less  than  500  cubic 
yards  a  day,  the  operations  were  not  economical.  In  connection  with 
a  dredging  operation  the  thawing  by  means  of  steam  conducted  through 
gas  pipe  in  11-foot  lengths  was  estimated  to  add  40  cents  per  yard  to 
the  cost  of  working  the  ground. 

The  only  drifting  and  steam-thawing  plant  at  Nome  gave  an  effi- 
ciency for  each  point  of  only  IJ  cubic  yards.  The  points  were  using 
in  this  case  a  little  less  than  1  horsepower  each  and  were  run  only  for 
eight  hours.  Moreover,  the  gravel  was  small  and  was  mixed  with 
much  ancient  beach  sand,  which  in  a  frozen  condition  is  extremely 
difficult  to  thaw  with  steam. 

The  method  of  thawing  with  hot  water  by  means  of  a  force  pump 
set  in  the  underground  workings,  which  forces  hot  water  through  a 
small  nozzle  against  the  bank,  has  been  tried  successfully  in  the  Klon- 
dike district.  At  a  claim  on  Gold  Run,  where  it  was  desired  to  extract 
a  3-foot  pay  streak  of  gravel  capped  by  27  feet  of  barren  gravel  at  a 
depth  of  50  feet  below  the  surface,  a  small  force  pump  of  the  ram  pat- 
tern, with  outside  packed  valves,  was  placed  in  the  main  runway  near 
the  shaft.  It  drew  water  from  a  6-foot  sump  near  at  hand,  to  which 
the  workings  drained.  The  pump  had  4-inch  intake,  3-inch  discharge 
choked  to  2i-inch,  and  the  water  was  pumped  to  the  face  by  means  of 
cotton  hose  and  discharged  through  a  1-inch  brass  nozzle  at  40  pounds 
pressure.  Six  thousand  gallons  of  water  were  used  over  and  over, 
and  by  discharging  the  exhaust  from  the  pump  into  the  suction  the 
water  was  kept  at  a  temperature  of  150^  F.  In  a  shift  of  ten  hours 
the  pump,  using  30  horsepower,  thawed  and  broke  down  ready  for  the 
shovelers  175  cubic  yards  of  gravel.  This  is  vastly  superior  to  the 
average  Klondike  duty  of  the  l^-horsepower  steam  point,  even  allow- 
ing 4  cubic  yards  to  the  point,  as  the  30  horsepower  would  supply  only 
20  points  and  the  maximum  duty  would  be  80  cubic  yards. 

Only  under  certain  very  favorable  conditions,  however,  can  the  hot- 
water  method  be  used.  There  must  be  no  silt  in  the  gravel,  otherwise 
the  water  becomes  thick  and  can  not  be  settled  in  the  sump.  If  the 
bed  rock  is  in  large  flakes,  and  the  pay  sinks  into  it,  the  hydraulic 
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method  is  inefficient  in  thawing  the  valuable  ground.  The  method  is 
worthy  of  the  serious  attention  of  the  Fairbanks  placer  miners,  how- 
ever, as  will  be  pointed  out  in  the  discussion  of  that  district  (p.  97). 

HOISTING. 

For  hoisting  and  conveying,  say  to  a  distance  not  exceeding  200  feet, 
the  Dawson  self -dumping  carrier,  with  accompanying  bucket,  cables, 
etc.,  and  steam  hoist,  must  be  used  in  order  that  the  most  economical 
work  per  man  employed  can  be  done.  This  device,  which  is  shown  in 
fig.  18,  is  without  doubt  the  best  system  of  handling  gravel  from  a 
shaft  of  shallow  depth  now  in  use  in  the  Northwest.  It  is  strong  and 
compact,  and  is  simple  in  operation.  Those  parts  which  by  their  posi- 
tion receive  the  most  strain  and  iar  can  be  made  sufficiently  durable  to 
withstand  hard  usage. 


Fig.  18.— Dawson  self-dumping  carrier. 

No  springs  are  used  in  the  construction,  for  the  reason  that  at  low 
temperature,  say  of  40^  F.  below  zero,  metals  are  very  brittle,  and 
the  constant  jar,  a  necessary  accompaniment  of  the  work  of  this 
apparatus,  renders  springs  and  any  light  metallic  member  unsafe. 

As  fig.  18  shows  clearly  the  construction  of  the  carrier,  only  a  few 
words  need  be  said  of  its  operations. 

It  may  be  stated  that  three  distinct  operations  are  accomplished, 
two  of  which  are  performed  by  the  carrier,  the  third  being  effected  by 
an  auxiliary  rope  used  in  dumping  the  bucket.  The  first  consists  in 
engaging  the  bucket  as  it  arrives  from  the  shaft  and  carrying  it  to  the 
dump  box,  the  second  in  returning  the  bucket  to  the  head  of  the  shaft 
and  there  dropping  it  to  the  bottom.     As  the  carrier  returns  down 
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the  seven-eighths  inch  cable,  the  book  to  which  is  attached  the  bucket 
occupies  the  position  indicated  by  the  solid  line.  The  cam,  A,  lies 
horizontally  and  is  held  firmly  in  this  position  by  the  dog,  B,  the 
weight  of  the  bucket  preying  the  notch  of  the  cam  against  the  point 
of  the  dog,  f.  When  the  carrier  reaches  the  head  of  the  shaft  the 
end,  c,  of  the  dog  strikes  the  block,  D,  and  frees  the  point  of  the  dog 
from  the  notch  of  the  cam.  The  front  of  the  cam  now  occupies  the 
position  indicated  by  the  dotted  line,  and,  as  the  bucket  sinks  into  the 
shaft,  is  pressed  against  the  block,  since  the  carrier  tends  to  move 
backward.  Thus  as  the  bucket  sinks  with  the  hook  on  the  one-half 
inch  cable  the  carrier  is  held  firm. 

As  the  bucket  rises  from  the  shaft  or  pit,  the  strain  is  toward  the 
engine,  and  the  lower  end  of  the  dog,  ^,  still  prevents  the  apparatus 
from  moving. 

When,  however,  the  cam.  A,  by  the  upward  movement  of  the 
bucket,  reaches  the  horizontal  position  indicated  by  the  solid  lines, 
the  point  of  the  dog,/*,  jumps  into  the  notch,  lowering  at  the  same 
time  the  point,  e^  which  allows  the  carrier  to  move  up  the  seven- 
eighths  inch  conveying  cable,  and  also  once  more  secures  the  cam  in 
its  horizontal  position. 

The  block  attached  to  the  cable  is  held  in  a  vertical  position  by  a 
suspended  log  or  block,  which  insures  its  engaging  with  the  dog. 

By  this  system  of  working,  if  the  self-dumping  rig  handles  250  of 
the  30-pan  buckets  in  ten  hours  or,  roughly,  60  cubic  yards,  the  plant 
will  necessitate  the  employment  of  12  men,  namely,  2  firemen,  1  hoist 
man,  1  point  man,  and  6  men  shoveling  and  wheeling,  beside  the  fore- 
man. The  ordinary  set-up  of  the  self-dumper  is  shown  in  fig.  13. 
The  boiler  used  for  generating  the  steam  for  points  at  night  is  used 
for  running  the  hoist  in  the  daytime.  In  running  from  15  to  20 
points  at  night  it  will  burn  a  cord  of  wood,  and  in  hoisting  in  the 
daytime  will  burn  from  one-half  to  1  cord  more.  The  total  daily 
twenty-four-hour  expense  can  not  be  brought  below  $130  and  will 
probably  amount  to  $150.  It  is  evident  that  with  such  a  plant  the 
tenor  of  the  gravel  must  amoimt  to  at  least  $2.60  to  the  cubic  yard  to 
pay  any  profit  at  all,  exclusive  of  washing  in  the  spring,  and  should 
be  4  cents  to  the  pan,  or  $5.20  to  the  yard,  to  pay  a  profit  which  com- 
pensates for  operating  in  so  remote  and  expensive  a  country.  The 
cost  of  washing  in  the  spring  is  in  general  from  50  cents  to  $1  per 
cubic  yard. 

The  winter  dumps  are  piled  in  a  conical  heap  around  the  gin  pole, 
to  which  the  trolley  cable  of  the  self -dumper  has  been  attached  while 
the  dumping  is  in  progress.  In  laying  out  the  space  for  the  dump, 
the  string  of  boxes  in  which  the  gravel  is  to  be  washed  during  the 
following  spring  is  so  laid  that  it  will  bisect  the  proposed  cone,  having 
its  proper  grade  and  length.     When  the  spring  opens  the  dump  is 
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easily  shoveled  into  the  boxes,  from  both  sides,  beginning  at  the  lowest 
point  and  working  upward.  Boards  are  generally  laid  over  the  top 
of  the  boxes,  and  a  portion  of  the  gravel  rests  on  these.  The  boards 
are  taken  off  as  the  work  of  shoveling  in  progresses. 

The  expenses  of  winter  work  are  much  greater  than  those  for  sum- 
mer, and  the  tenor  of  the  gravel  must  in  consequence  be  much  higher. 
In  the  first  place  it  is  to  be  remembered  that  the  gravel  dumped-  in 
winter  must  be  all  rehandled  in  the  spring.  In  thawing  also  the 
amount  of  steam  used  in  winter  is  greater  than  in  summer,  and  all 
pipes  and  hose  conveying  steam  both  above  and  underground  must  be 
coated  with  asbestos  or  other  nonconducting  material.  On  the  other 
hand,  labor  is  generally  cheaper  in  winter  than  in  summer,  and  the 
possibility  of  striking  thawed  streaks  of  ground  is  much  less. 

DRIFTING  IN  THE  FAIRBANKS  DISTRICT. 

As  has  been  stated,  the  only  mining  pi'acticed  at  Fairbanks  is  creek 
mining.  In  the  open  season,  although  the  bulk  of  the  ground  can  be 
worked  by  drifting,  a  smaller  proportion  is  workable  by  open  cutting. 
By  far  the  larger  portion  of  the  ground  must  be  worked  by  drifting 
on  account  of  the  depth  to  bed  rock  and,  in  many  cases,  the  thinness 
of  the  pay.  The  ground  is- in  the  main  frozen,  but  thawed  streaks 
occur.  The  gravels  are  of  the  angular  and  subangular  character 
which  marks  all  the  gravels  deposited  in  recent  time  in  the  northwest. 
The  angularity  is  more  pronounced  than  in  the  Birch  Creek  district 
or  the  Klondike. 

One  characteristic  feature  of  the  Fairbanks  gravel  has  an  important 
bearing  on  the  method  of  thawing  the  frozen  gravel.  This  is  the  fact 
that  while  the  layer  of  so-called  muck  is  comparatively  thin,  from  2 
to  7  feet  in  the  workings  on  the  creeks  themselves,  exclusive  of  the 
slopes,  the  gravels,  which  are  from  6  to  15  feet  in  thickness,  do  not 
carry  pay  throughout  their  section,  but  only  in  the  lower  part.  The 
pay  is  sometimes  as  thin  as  6  inches  in  the  gravel,  and  rarely  exceeds 
3  feet.  It  is  then  frequently  necessary  to  take  onl}-  a  portion  of  the 
gravel  down,  and  to  run  the  drifts  as  low  as  possible,  i.  e.,  not  to 
exceed  3i  feet.  To  do  this  economically,  and  so  that  the  top  and  l>ar- 
ren  gravel  will  not  be  continually  caving  and  falling  during  the  drift- 
ing, the  ground  must  either  be  timbered  or  the  method  of  steam 
thawing  must  be  abandoned.  Another  reason  why  the  method  of 
steam  thawing  has  a  limited  application  in  the  Fairbanks  district  is  the 
fact  that  the  gravel  is  very  argillaceous  in  its  pay  portion,  and  the 
thawing  and  drying  with  the  steam  result  in  a  baking  of  the  ground. 
Thus  the  gravel  which  was  frozen  becomes  in  its  dry  state  cemented, 
and  the  difficulty  of  getting  it  out  is  not  avoided  but  only  lessened. 

Thawing  by  means  of  hot  water  driven  through  a  force  pump  and 
conducted  to  the  bank  by  means  of  cotton  hose  and  piped  against  the 
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bank  by  means  of  a  small  fireman's  nozzle  is  the  most  successful  method 
which  has  been  so  far  tried  to  thaw  ground  imder  the  above-mentioned 
conditions.  As  regards  the  heating  of  the  water,  the  system  adopted 
at  Fairbanks  is  to  conduct  the  exhaust  steam  of  the  pump  back  into 
the  suction  of  the  pump  as  it  draws  water  from  a  sump  alongside  of  it. 
This  has  been  foimd  more  effective  than  simply  turning  the  exhaust 
pipe  directly  into  the  sump  itself.  -The  water  used  is  sometimes  sup- 
plied in  sufficient  quantity  from  the  mere  seepage  from  the  ice  mixed 
with  the  thawed  gravel.  But  sometimes  it  will  have  to  be  introduced 
in  the  pit  in  small  quantity.  On  the  other  hand,  especially  where 
thawed  streaks  occur  naturally  in  the  gravel,  the  water  must  be  pumped 
out.  This  is  done  by  the  same  pump  used  for  the  hydraulicking,  with- 
out changing  its  position. 

This  method  of  thawing  by  hot  water  piped  against  the  bank  has  two 
advantages.  The  strongest  appears  to  be  the  fact  that  gravel  thawed 
by  this  method  can,  as  it  were,  be  selected  in  the  face,  and  no  higher 
gravel  than  may  be  profitable  need  be  taken  down.  The  portion  of 
the  gravel  above  the  part  taken  down  remains  solidly  frozen,  and  con- 
sequently the  roof  of  the  drift  or  wide  stope  does  not  cave  any  worse 
than  does  the  roof  of  solid  muck  in  drifting  operations  where  all  the 
gravel  in  its  complete  vertical  section  is  extracted.  Another  advan- 
tage is  that  the  gravel  is  moved  from  its  original  position  farther  than 
by  steam,  and  if  it  contains  clay  the  clay  has  less  opportunity  to  bake 
and  cake  than  with  steam  thawing,  and  the  amount  of  hand  work  in 
picking  down  the  gravel  is  lessened. 

A  serious  objection  to  thawing  by  hot  water  may  justifiably  be  raised 
in  cases  where  the  bed  rock  consists  of  large  slabs  of  schist,  into  which 
the  gold  sinks  from  1  to  4  feet  and  even  more.  In  such  a  case  the 
water  can  not  be  piped  to  reach  all  the  frozen  gold-bearing  material. 
Although  I  am  not  aware  that  a  combination-  of  the  hot- water  and 
steam-thawing  methods  has  been  tried  in  such  a  case  as  the  above,  it 
seems  not  impossible  that  such  a  combination  would  be  the  most  eco- 
nomical. On  the  other  hand,  where  the  bed  rock  consists  of  finely 
comminuted  schist  or  softened,  thoroughly  rotten  rock,  even  should  the 
gold  be  found  in  it  to  the  depth  of  2  feet,  there  can  be  no  valid  objec- 
tion to  the  hot-water  hydraulicking  method.  In  the  Nome  district 
of  Seward  Peninsula,  where  the  hot-water  method  was  tried,  it  was 
found  that  the  water  finally  became  too  thick  with  sediment  to  be  used 
in  the  pump,  and  the  system  was  abandoned. 

A  minor  recommendation  for  the  use  of  the  hot-water  method  is  the 
fact  that  all  the  unpleasantness  of  the  steam  method,  which  fills  the 
workings  with  steam,  creates  dampness,  etc.,  is  obviated,  and  the  walls 
and  roof  of  the  drifts  are  dry,  while  ditches  cut  in  the  bed  rock  on 
grade  to  the  pump  sump  can  be  so  cut  as  to  prevent  the  floors  from 
Bull.  263-05 7 
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being  wet.  The  obscurity  of  the  air  in  the  workings  by  steam,  espe- 
cially in  the  early  part  of  the  day  shift,  is  frequently  a  source  of  dan- 
ger, as  the  roof  can  not  be  watched  so  closely  as  it  could  were  the  air 
clear,  and  consequently  slabs  of  the  roof  that  are  ready  to  fall  can  not 
be  easily  seen,  so  that  the  liability  that  men  will  be  crushed  i.s  greater. 

I  should  especially  recommend  the  method  of  hot-water  thawing 
to  the  consideration  of  the  miners  of  Cleary  and  Pedro  creeks,  while 
on  Fairbanks  Creek,  as  hitherto  developed,  the  method  of  thawing 
with  steam  points  seems  more  applicable. 

In  the  Fairbanks  district  shafts  sunk  for  work  in  the  summer  time 
are  in  nearly  all  cases  timbered,  either  wholl}'^  or  partially.  In  very 
deep  shafts,  as,  for  example,  on  the  left  bank  of  Cleary  Creek  near 
the  junction  with  Chatham,  where  40  feet  or  more  of  solid  muck  is 
encountered,  timbering  does  not  appear  to  be  always  necessary  through- 
out the  whole  of  the  shaft.  The  muck  forms  a  wall  which  resembles 
in  its  consistency  a  wall  of  solid  ice,  and  in  working  throughout  a 
season  of  four  months,  with  the  shaft  in  constant  use,  there  will  be 
little  caving  of  the  walls.  All  shafts  that  extend  20  feet  or  less,  how- 
ever, especially  where  gravel  composes  half  or  more  of  the  section — 
shafts  intended  for  working  out  a  block  of  ground,  conducting  steam 
connections,  pump  connections,  and  connections  for  hoisting — should 
be  securely  timbered. 

In  view  of  the  local  conditions,  the  following  method  of  timbering 
appears  the  most  satisfactory.  After  the  hole  is  sunk  to  the  required 
depth  by  thawing,  a  square  set  with  6-foot  centers — or  should  the  shaft 
be  4  b}^  6  feet,  of  this  dimension—is  put  in  at  the  bottom.  Three- 
inch  pole  lagging,  with  cross  sets  of  6-inch  timbers  inside  at  6-foot 
intervals,  is  carried  up  to  the  collar.  Inside  the  sets  6-  or  12-foot 
poles,  3-inch,  are  nailed  in  the  four  corners  to  the  cross  sets.  Moss  is 
laid  up  outside  the  pole  lagging,  as  dry  as  possible,  and  packed  against 
the  gravel  or  muck  walls.  In  cases  where  it  is  impossible  to  sink  with- 
out timbering  as  the  shaft  is  sunk  the  timbering  is  carried  down,  and 
the  lagging  is  driven  as  each  set  progresses,  the  square  set  being  put 
in  at  the  bottom  on  the  completion  of  the  shaft.  Shafts  timbered  in 
this  manner  have  been  found  to  stand  for  periods  of  from  one  to  two 
years,  as  long  as  the  work  in  the  Fairbanks  district  has  been  in  prog- 
ress, and  there  is  no  reason  why  they  should  not  stand  much  longer. 
Timbering  of  this  sort  can  be  done  for  the  most  part  with  the  ordinary 
cord  wood  delivered  for  fuel,  and  this  is  much  the  cheapest  method 
available. 

The  cribbing  method  is  sometimes  adopted,  accompanied  by  the  same 
packing,  with  moss  outside  the  cribbing.  It  is,  however,  more  expen- 
sive, and  in  a  shaft  of  considerable  depth  is  much  more  likely  to  get 
out  of  plumb  in  this  frost-ridden  country. 
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In  the  Fairbanks  district  it  has  not  yet  been  found  necessary  to 
timber  the  underground  workings  to  any  great  extent.  The  main 
runway,  if  it  is  to  be  used  for  the  whole  season  or  for  a  period  exceed- 
ing a  month,  should  be  timbered  for  safety.  Six-foot  sets  of  posts  and 
caps  only,  with  lagging  over  the  roof,  are  generally  sufficient.  Pole 
lagging  is  cheaper  and  more  advisable  than  split  lagging.  The  caving 
system,  working  always  toward  the  shaft,  allows  the  faces  to  be  carried 
forward  without  timbering  of  the  stopes.  The  elaborate  timbering 
methods  necessary  in  the  Klondike  benches  and  in  many  parts  of  Cali- 
fornia in  drifting  operations  are  happily  not  needed  in  this  portion  of 
Alaska,  and  are  not  likely  to  be  required  in  any  extension  of  the 
Tanana  area.  No  case  has  been  seen  in  the  operations,  as  thus  far 
developed,  where  false  sets  were  carried  in  taking  out  the  gravel. 
When  the  operations  at  Fairbanks  become  more  extensive,  however, 
and  drifting  is  carried  on  more  systematically  with  wide  faces,  it  is 
very  likely  that  the  workings  will  require  timbering.  At  present  it 
is  not  possible  to  give  the  cost  of  this  work,  as  the  figures  were  not 
obtainable. 

IIYDRAUIilC  MINING. 

GENERAL  REMARKS. 

The  hydraulic  method  of  working  gold  gravel  deposits  is  the  most 
economical  method  from  the  standpoints  of  power,  capacity,  and  lal)or. 

It  is,  on  the  other  hand,  exceedingly  wasteful  of  water,  and  the  toix)- 
graphic  conditions  under  which  it  may  bie  successfully  and  profitably 
conducted  are  not  of  common  occurrence,  even  inmountainousdistricts." 

The  hydraulic  method  of  mining  was  invented  by  Edward  E.  Matte- 
son,  a  native  of  Sterling,  Conn.,  and  applied  by  him  to  the  auriferous 
gravels  in  California  in  1852.*  One  or  more  jets  of  water  under 
pressure  are  thrown  from  a  pipe  or  pipes  with  great  velocity  against 
the  fac»e  of  a  gravel  bank,  and  the  gravel  is  loosened  by  the  stream  so 
that  it  falls  or  ''caves."  The  gravel  is  struck  with  sufficient  force  to 
be  disintegrated  and  broken  up  so  that  it  can  be  carried  by  the  current 
into  the  sluice  if  the  bed  rock  has  a  sufficient  grade.  For  assistance  in 
mo\nng  and  washing  the  gravel  after  it  leaves  the  bank,  additional 

«  The  amount  of  water  used  in  hydraulicklng  is  shown  by  the  following  illustration:  Three  hun- 
dred million  gallons  of  water  a  day  are  used  at  present  for  the  supply  of  CJreater  New  York  City,  or 
26.666  miner's  inches,  of  twenty-four-hour  service.  Taking  the  duty  of  an  Inch  at  2  cubic  yards,  and 
a  tenor  of  15  cents  In  gold  per  cubic  yard,  the  al)ove  amoiuit  would  supply  only  13  hydraulic  mines, 
each  using  2,000  miner's  inches  under  head.  The  total  amount  of  gravel  washe*!  would  be  52,000 
cubic  yards  per  day,  and  the  product  $7,800;  or  (with  a  season  of  one  hundred  and  twenty  days) 
annually,  6,240,000  cubic  yards,  and  a  product  of  f936,000,  an  amount  not  startllngly  large,  consider- 
ing the  magnitude  of  the  operations  involved. 

It  is  to  be  expected  that  persons  with  a  limited  knowlcilge  of  hydraulic  mining  will  object  to  the 
low  capacity  and  short  season  assumed  in  the  above,  but  oi>eralors  of  long  experience  will  realize 
that  the  conditions  and  results  are  assumed,  if  anything,  more  favorable  than  is  found  in  average 
practice. 

ft  Whitney,  J.  D.,  The  auriferous  gravels  of  the  Sierra  Nevada  of  California:  Mem.  Muh.  Comp. 
Zool.  Harvard  Coll.,  vol.  6.  1R80. 
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water  is  frequently  used  under  slight  head,  and  is  known  as  "bank 
head"  or  '^ by-wash"  water.  Various  devices  for  more  easily  disinte- 
grating the  bank  and  for  disposal  of  the  large  bowlders  and  of  tailings 
where  natural  gi'ade  is  lacking  will  be  later  discussed. 

In  California  the  application  of  hydraulic  mining  spread  with  great 
rapidity,  especially  within  the  drainage  basins  of  San  Joaquin  and 
Sacramento  rivers.  This  method  was  adopted  also  in  other  portions 
of  the  western  United  States  and  in  other  parts  of  the  world,  particu- 
larly in  Australia  and  New  Zealand.  In  the  part  of  California  referred 
to,  extensive  operations  ceased,  not  because  the  gravel  deposits  were 
exhausted,  but  because  of  economic  considerations  other  than  those  of 
mining.  The  passage  of  an  act  of  Congress  in  March,  1893,  entitled 
''An  act  to  create  the  California  Debris  Commission  and  regulate 
hydraulic  mining  in  the  State  of  California,"  sounded  the  death  knell 
of  the  huge  mining  operations  which  had  changed  the  topography  and 
blanketed  many  square  miles  of  arable  lands  in  the  San  Joaquin  and 
Sacramento  valleys  with  gravel  tailings. 

The  comments  of  J.  D.  Whitney,^  written  in  1880,  concerning  the 
application  of  hydraulic  mining  to  California  conditions,  areas  follows: 

It  is  owing  to  a  happy  combination  of  favorable  circumstanfes  that  the  Hyetem  of 
hydraulic  mining  has  been  so  successful  on  the  slopes  of  the  Sierra  Nevatla.  That 
the  peculiar  set  of  conditions  which  makes  hydraulic  mining  possible  is  not  often 
met  with  is  sufficiently  proved  by  the  fact  that  this  system,  which  seems  so  admira- 
bly adapted  to  the  needs  of  the  Califomian  gravel  miners,  has  hardly  l)een  at  all  sufc- 
(*e88ful  in  any  other  region.  It  has  been  tried  again  and  again  in  the  southern 
United  States  with  almost  unvarying  loss;  and  even  in  Australia,  where  the  mode  of 
occurrence  of  the  gold  is  in  many  respects  so  similar  to  what  it  is  in  California,  there 
are  few  districts  where  the  hydraulic  method  can  be  applied. 

The  first  great  need  of  the  hydraulic  miner  is  an  abundance  of  water  and  with  a 
considerable  **head,**  so  that  the  stream  may  issue  with  sufficient  velocity  from  the 
pipes. 

An  abundance  of  water  can  not  be  secured  without  extensive  engineering  opera- 
tions and  the  expenditure  of  a  large  amount  of  money.  Extensive  reservoirs  must 
he  constructed  by  building  dams  across  the  outlets  of  the  mountain  valleys,  so  as  to 
impound  the  water  coming  from  the  melting  of  the  winter^s  snow  on  the  high 
Sierra,  and  the  necessary  canals — or  ditches,  as  they  are  universally  calle<l  by  the 
miners — must  be  excavated  to  carry  the  water  to  the  points  where  it  is  needed  for 
use.  The  long,  rapid,  and  rather  uniform  slope  of  the  Sierra,  in  the  mining  dis- 
tricts, makes  it  possible  almost  everywhere  to  carry  the  ditches  with  such  a  grade 
and  in  such  a  position  as  to  allow  the  water  to  be  taken  from  them  at  a  sufficient 
elevation  to  give  the  necessary  head  at  the  point  of  working.  The  great  elevation 
«»f  the  important  gravel  masses  and  the  deep  canyons  into  which  the  whole  mining 
region  is  cut  up,  afford,  in  almost  every  locality,  the  necessary  facilities  for  arrange 
ing  the  sluices  and  dis|>08ing  of  the  tailings. 

A  need  equally  as  great,  not  suflSciently  emphasized  by  Whitney,  is 
adequate  grade  or  slope  of  the  l>ed  rock  for  the  moving  of  material. 
Experience  has  shown  that  the  light^^st  grade  of   ntream  hod  upon 

«Loc.  clt.,  p.  62. 
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which  hydraulic  operations  may  nafely  be  undertaken  is  220  feet  to 
the  mile. 

The  above  statements  regarding  hydraulic  mining  are  as  worthy  of 
consideration  to-day  as  when  they  were  written.  Bench  deposits,  as 
already  defined,  are  those  above  all  othe^  to  which  the  hydraulic 
method  is  most  likely  to  be  successfully  applied,  because  adequate 
grade  for  the  disposal  of  tailings  can  be  secured.  Deposits  in  the 
beds  of  present  streams,  on  the  other  hand,  are  exploitable  by 
hydraulicking  to  a  far  less  extent.  In  Alaska  extensive  bench  depos- 
its do  not  occur,  even  in  the  alpine  districts  of  the  south  coast,  and, 
moreover,  where  auriferous  benches  are  found  they  are  not  backed  by 
high  mountains  from  which  the  water  under  pressure  can  be  obtained. 
The  bench  deposits  of  Alaska  are  not  characterized  by  great  thickness 
as  are  those  of  California.  A  depth  of  10  feet  of  auriferous  gravel 
with  20  feet  of  overlying  barren  silt,  or  a  total  of  30  feet,  is  a  not 
uncommon  condition  in  Alaska,  while  in  California  gravel  banks  of  75 
to  600  feet  in  thickness  occur  and  have  been  worked  by  hydraulick- 
ing. The  hydraulic  operation  shown  in  PI.  XV,  B  (p.  92),  is  on  a  lake 
bed,  locally  formed  in  a  portion  of  Silver  Bow  basin,  Juneau  district. 

The  hydraulic  principle  implies  the  breaking  down  of  all  the  allu- 
vial material  by  water  under  pressure,  the  cheapest  power.  It  is  evi- 
dent that  unless  the  gold  is  distributed  throughout  the  vertical  section 
of  the  alluvial  deposit,  as  well  as  on  and  in  the  bed  rock,  the  greatest 
amount  of  material  is  hydraulicked  oflf  at  a  loss.  In  general  the  pay 
dirt  in  Alaska  composes  less  than  15  per  cent  of  the  bank,  measured 
vertically.  In  California  gravels,  on  the  other  hand,  much  more  fre- 
quently a  small  amount  of  gold  occurs  throughout  the  whole  bank. 

In  Alaska  attempts  have  been  made  to  work  ver\'  shallow  ground, 
in  some  cases  of  5  feet  section,  by  hydraulic  methods  involving  the 
construction  of  ditches  and  installation  of  machinery  at  a  cost  of 
$100,000  and  over.  Unless  the  gravels  worked  were  much  richer  than 
previous  workings  in  the  vicinity,  it  was  impossible  to  see  how  the 
enterprise  could  by  any  means  be  profitable.  Simple  mechanical 
plants,  requiring  a  comparatively  small  investment,  could  have  handled 
the  small  body  of  gravel  fully  as  fast  and  in  the  long  run  more  cheaply. 
It  is  undoubtedly  true  that  many  men  are  deterred  from  installing 
really  economical  plants  of  a  mechanical  nature  by  the  desire  to  apply 
the  spectacular  methods  of  the  hydraulic  miner,  without  regard  to  the 
existing  cx)nditions. 

A  word  should  be  said  about  the  application  of  power  to  produce 
pressure  for  hydraulicking."  Several  plants  where  this  principle  is 
applied  have  been  visited  in  Alaska  and  the  neighboring  British  terri- 
tory. .  Nine  plants  were  seen  and  it  was  not  cleiir  that  any  plant  pump- 

a  These  statements  do  not  refer  to  the  hot- water  method  of  hydraulicking  frozen  Kravel. 
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ing  water  for  hydraulic  mining  was  making  expenses.  Some  Nome 
operators  are  of  the  opinion  that  if  crude  oil  can  be  obtained  for  $2  a 
barrel  the  gas  engine  can  be  profitably  used  to  hydraulic  certain  rich 
patches  of  the  coastal  plain  gravels,  using  50  to  60  pounds  pressure  at 
the  nozzle.  Only  under  the  most  exceptional  conditions  would  such 
an  application  of  the  hydraulic  method  be  profitable.  It  may  be  truly 
said  that  95  per  cent  of  all  attempts  to  pump  water  in  hydraulic  gravel 
mining,  in  whatever  portion  of  the  world  they  have  been  tried,  have 
been  failures.  The  miner  who  contemplates  such  an  operation  in  a 
remote  region  where  coal  costs  $30  a  ton  or  wood  $15  a  cord  had  better 
first  exhaust  the  possibilities  of  all  other  methods  of  moving  gravel 
which  circumstances  or  ingenuity  can  suggest. 

It  must  not  be  assumed  that  the  tenor  of  the  gravel  in  Alaska  is 
greatly  above  that  of  the  auriferous  gravels  formerl}^  worked  so 
extensively  in  California,  especially  where  it  is  necessary,  as  in  hydrau- 
licking,  to  distribute  the  value  contained  in  the  thin-bottom  pay  streak 
throughout  the  whole  of  the  vertical  section  of  gravel  which  must  be 
moved. **  There  is  a  widespread  opinion,  amounting  to  a  dictum,  that 
the  hydraulic  method  should  be  installed  in  preference  to  others 
wherever  there  is  the  slightest  chance  for  its  succass.  That  this  chance 
is  small  in  the  hitherto  developed  portions  of  Alaska  the  present 
account  will  make  clear.  Capital  invested  by  the  miner  in  expensive 
water  conduits  in  Alaska  is  not  recoverable  except  from  the  profit  on 
his  operations.  The  ditch  builder  can  not  enter  the  domain  of  com- 
merce and  sell  his  water  or  the  power  generated  thereby,  as  do  many 
of  the  water  companies  in  populous  agricultural  and  industrial  com- 
munities. In  rare  instances  only  can  he  even  sell  it  to  miners.  On 
the  exhaustion  of  his  own  auriferous  ground,  his  ditch  and  plant 
becomes  practically  valueless. 

While  hydraulicking  river  and  creek  beds  in  Alaska  with  the  neces- 
sary accompaniment  of  some  form  of  lifting  operation  for  the  tailings 
is  not  to  be  entirely  decried,  it  should  be  undertaken  with  extreme 
caution.  The  ever-present  danger  of  floods  and  the  expense  of  wing 
dams  must  be  considered.  The  tailings  will  be  raised  by  the  water  lift 
primarily,  and  the  method  of  using  this  in  gmvel  mining  will  be  fully 
described.  The  operator  should  bear  in  mind,  however,  that  the 
introduction  of  the  water  lift  decreases  by  over  60  per  cent  the  duty 
of  the  unmodified  hydraulic  method  as  above  described;  also  that  the 

a  For  example,  Whitney  states  (loo.  eit.,  p.  118)  that  the  area  hydraulieked  off  at  Todds  Valley, 
Placer  County.  Cal.,  wa8 1  mile  by  one-fourth  mile  in  area,  and  the  gravel  from  35  to  75  feet  in  thick- 
ness, a  total  of  nearly  9,000,000  yards,  with  an  estimated  yield  of  $4,000,000,  or  about44  centa  per  cubic 
yard. 

At  the  Excelsior  claim,  near  Placerrille,  Eldorado  County,  Cal.,  20  acres  of  ground  were  washed 
off  with  an  average  thicknej«  of  from  40  to  60  feet  of  pay  gravel.  The  yield  was  estimated  at 
$5,000,000,  about  half  of  which  was  taken  out  by  drifting  and  the  other  half  by  hydraulicking.  Mr. 
Alderson.  the  principal  proprietor,  estimated  that  the  yield  of  the  Kxcclsor  gmvel  waj^$l  per  cubic 
yard.  A  single  placer  claim  of  20  acres,  containing  so  large  an  amount  of  gold  as  the  Excelsior  claim, 
has  yet  to  be  diiicovered  in  Alaska. 
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use  of  the  ingenious  device  entails  a  new  set  of  difficulties  with  which 
his  previous  experience  in  hydraulic  mining  will  hardly  have  fitted 
him  to  deal.  An  unfortunate  instance  was  seen  in  one  of  the  remote 
districts  of  Alaska,  where  a  hydraulic  elevator  of  5  tons  weight  had 
been  imported  at  a  cost  of  nearly  $2,000  and  was  found  useless  because 
insufficient  water  to  operate  it  was  obtainable,  although  a  ditch  and 
flume  line  had  been  constructed  at  a  cost  of  $15,000.  The  elevator 
lay  on  the  bank,  and  a  makeshift  had  been  improvised  from  a  piece  of 
sheet-steel  pipe  and  a  fireman's  brass  nozzle. 

That  hydraulic  operations  are  and  have  been  successfully  prosecuted 
in  Alaska  is  not  to  be  denied.  The  cautionary  remarks  which  have 
been  made  will  serve  as  a  reminder,  however,  that  the  moving  of  large 
l)odies  of  gravel  by  water  under  natural  head  is  not  always  as  cheaply 
accomplished  as  a  casual  inspection  of  such  operations  would  induce 
one  to  believe.  In  any  event,  a  hydraulic  installation,  under  condi- 
tions where  the  cost  of  leading  water  runs  into  the  thousands  of  dollars 
per  mile,  should  not  be  undertaken  until  due  consideration  as  to  the 
IX)ssibility  of  using  other  methods  has  been  given. 

DITCHES,  FLUMES,  AND  RESERVOIRS. 

In  table  8  an  attempt  has  been  made  to  show  in  concise  form  the  prin- 
cipal facts  regarding  the  construction  of  water  conduits  in  Alaska  and 
the  North.  So  great  was  the  extent  of  territory  covered  that  oppor- 
tunity for  measurements  and  calculations  was  only  occasional.  The 
statements  of  operators  were  generally  accepted;  they  were  rejected 
only  when  they  were  palpably  misleading.  When  not  otherwise  indi- 
cated, the  data  shown  were  supplied  by  the  operators.  When  the  data 
were  based  on  subsequent  estimates,  the  figures  are  starred. 

It  can  not  be  too  strongly  stated  that  the  tables  in  this  report  are 
based  on  statements  of  operators  and  are  not  the  result  of  detailed 
investigation  of  properties.  The  collection  of  data  for  this  report 
necessitated  the  covering  of  a  vast  extent  of  territory  in  four  months' 
time.  The  data  are  as  complete  and  as  nearly  accurate  as  the  cir- 
cumstances allowed.  Estimates  based  on  the  cost  of  water  conduits 
as  given  below,  and  the  amount  of  water  available,  should  take  into 
consideration  the  degree  of  authority  which  attached  to  the  compilation. 
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Long  conduits  are  used  in  order  that  the  difference  in  elevation 
between  the  source  of  the  water  and  the  point  where  it  is  used  may 
afford  the  pressure.  The  length  of  the  conduit  will  depend  on  the 
slope  or  grade  of  the  surface.  In  regions  of  low  mountains  and  gentle 
slopes,  long  ditches  or  flume  lines  are  necessary.  In  steep  mountain 
regions  the  same  results  are  attainable  with  short  conduits. 

In  the  gravel-mining  districts  of  Alaska  examples  of  the  two 
extremes  are  found.  It  is  an  unfortunate,  but  at  the  same  time 
natural,  result  of  the  governing  geological  conditions,  that  to  obtain 
the  use  of  water  under  head  ditches  must  be  the  largest  in  the  richest 
and  most  promising  placer  districts  of  Alaska.  A  long  head  ditch  is 
expensive  both  to  construct  and  to  maintain.  That  the  expense  of 
such  undertakings  has  not  deterred  miners  from  attempting  them  is 
evidenced  by  early  California  operators,  where  single  companies  some- 
times built  more  than  100  miles  of  ditch  line.  Each  mile  of  ditch 
line  or  other  form  of  conduit  adds  from  $2,000  to  $15,000  to  the  initial 
capital  necessary  to  start  the  hydraulicking  operation,  and  increases 
the  annual  cost  of  ditch  maintenance. 

Some  of  the  precautions  which  apply  equally  well  to  any  country 
regarding  the  construction  of  water  conduits,  found  in  the  text-books 
on  hydraulic  mining,  may  well  be  repeated  here. 

Van  Wagenen**  says: 

When  the  miner  has  measured  the  stream  from  which  he  is  to  draw  his  water 
supply,  and  has  determined  the  point  where  he  will  tap  it,  he  is  prepared  to  con- 
sider the  question  of  water  channels.  These  may  be  of  three  kinds — the  ditch,  the 
wooden  flume,  and  the  iron  pipe.  *  *  *  It  is  generally  desirable  to  have  the 
least  possible  fall  in  a  water  channel,  or,  in  other  words,  to  bring  the  water  to  as  high 
a  point  of  the  ground  to  be  worked  as  circumstances  will  allow.  As  the  friction  of 
the  sides  and  bottom  of  a  channel  retards  the  flow,  and  necessitates  a  higher  grade 
than  would  be  necessary  if  there  were  none,  it  beiK)me8  of  importance  to  decrease 
this  element  as  much  as  possible.  On  this  score  wood  and  iron  waterways  present 
decided  advantages,  owing  to  their  comparative  smoothness.  In  any  case,  how- 
ever, the  quantity  of  friction  developed  depends  upon  the  wet  |)erimeter  of  the 
channel  used.    The  following  law  will  therefore  be  found  to  be  of  service: 

The  least  wet  perimeter  that  will  hold  or  carry  a  given  volume  is  attained  when  the  width 
of  bottom  is  from  one  and  three-fourths  to  two  and  one-fourth  times  the  deptli  of  the  sides. 

For  example,  a  channel  having  a  cross  section  of  510  square  inches  will  develop  the 
least  amount  of  friction  when  its  dimensions  are  15  by  34  or  17  by  30,  or  somewhere 
between  these  measurements.  A  knowledge  of  this  fact  will  be  found  serviceable  in 
constructing  flumes.  The  least  perimeter,  of  course,  requires  the  least  lumber,  and 
many  thousand  or  million  feet  may  be  saved  in  a  long  flume  by  building  in  the  cor- 
rect pro|>ortions. 

Bowie*  sa3^s: 

All  water  courses  on  the  line  of  the  ditch  should  be  secured.  Their  supply  par- 
tially counteracts  the  loss  by  evaporation,  leakage,  and  al)8orption,  and  frequently 
furnishes  an  additional  quantum  of  water  during  several  months  of  the  year. 


a  Van  Wagenen,  T.  F.,  Manual  of  Hydraulic  Mining,  1880.  p.  51. 

«> Bowie,  A.  J.,  )r.,  A  Practical  Treatise  on  Hydraulic  Mining  in  Califonila,  1886,  p.  135. 
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At  pro[)er  intervals  waste  gates  should  l>e  arrangeil,  sq  as  to  discharge  the  water 
when  necessary  without  risk  of  damage  to  the  ditch.  In  regions  of  heavy  snow 
these  wasteways  should  l)e  provided  at  intervals  not  greater  than  one-half  mile. 
*  *  *  Ditches  poorly  built  in  the  beginning  subsequently  require  large  and  con- 
stant expenditure,  and  lose  considerable  amounts  of  water    ^ 

George  H.  Evans**  says: 

At  the  different  points  along  the  line  of  race  where  fiuming  has  to  be  resorted  to, 
allowance  should  be  made  for  an  increase  in  grade,  in  order  that  the  flume  can  be  con- 
structed of  much  smaller  dimensions  than  the  ditch  and  yet  carry  all  the  water 
required.  *  *  *  It  will  be  well  to  remember  that  practical  results  have  demon- 
strated that  in  ordinary  ground  the  water  should  travel  at  the  rate  of  from  180  to  200 
feet  per  minute.  Then  the  grade  will  be  determined  by  the  dimensions  of  the  ditch 
and  its  intended  carrying  capacity. 

The  above  quotations  may  be  considered  as  of  general  application, 
but  many  modifications  in  the  hitherto  accepted  practice  of  ditch 
building  have  been  found  advisable  in  Alaska,  and  will  be  referred  to, 
especially  in  the  description  of  the  practice  in  Seward  Peninsula. 
Regarding  the  capacity  of  open  conduits,  Bowie  makes  the  following 
statement: 

In  the  mining  districts  of  California  ditches  are  constructed  badly,  with  steep 
grades  and  on  irregular  lines  with  numerous  sharp  curves.  The  cross  sections,  origi- 
nally uniform,  became  more  or  less  varied.  Absori)tion,  [)ercolation,  evaporation, 
and  leakage  reduce  the  flow.  A  distinct,  reliable  factor  for  each  of  the  sources  of 
loss  can  not  well  l>e  incorporates!  in  the  coefficient  of  discharge.  ♦  *  *  The  sim- 
ple formula  Q=ac\/r«  expresses  more  fitly  the  result  of  experienc^e  in  such  cases, 
wherein: 

Q  is  the  quantity  of  water  which  the  ditch  is  capable  of  carrying  in  cubic  feet  per 
second. 

a,  the  effective  area  of  cross  section  of  ditch,  as  originally  constructed,  in  square 
feet. 

r,  the  hydraulic  mean  depth  in  feet. 

»,  the  fall  of  surface  in  a  unity  of  length. 

c,  a  coefficient  covering  all  common  losses. 

Statistics  derived  from  experience  on  the  Milton,  La  Granger,  and  Bloomfield 
ditches  in  California  led  to  the  adoption  of  values  of  the  coefficient  c  varying  from 
31  to  45,  in  estimating  the  capacity  of  ditches  in  heavy  grades  of  40  miles'  length 
flowing  from  60  to  80  cubic  feet  per  second. 

The  Texas  Creek  branch  ditch  (of  the  North  Bloomfield  ditch)  is  about  seven- 
tenths  of  a  mile  long.  Its  sectional  area  is  13.5  feet  and  the  grade  is  20  feet  per  mile. 
The  sides  are  rough  and  the  curves  sharp.  With  a  flow  of  32.8  cubic  feet  per  second, 
the  ditch  runs  about  full.  The  value  of  <'=33.  In  connection  with  this  ditch  there 
is  a  rectangular  flume  2.67  feet  wide  by  2.83  feet  deep,  made  of  unplaned  boanls,  set 
on  a  grade  of  32  feet  per  mile.  The  flume  has  some  sharp  but  regular  curves,  and 
the  water  from  the  ditch  runs  nearly  full  at  these  points.  With  the  discharge  32.8 
cubic  feet  per  second,  r=59. 

Although  the  losses  in  leading  water  in  Alaska  have  not  been  deter- 
mined by  exact  experhnents,  it  is  likely  that  they  are  less  than  in  Cal- 
ifornia.    In  the  interior  the  value  of  c  for  ditches  would  be  slightly 


«  Evans,  G.  H.,  Practical  Notes  on  Hydraulic  Mining,  San  Francisco,  1M98, 
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higher  than  in  California,  while  in  the  ditches  made  on  gentle  slopes 
in  Seward  Peninsula  c  would  be  considerably  higher.  Its  value  can 
not  be  known  until  accurate  experiments  have  been  conducted  on  the 
various  ditch  lines. 

Examples  of  the  discharge  of  ditches  in  California,  given  by  Bowie, 
arc  as  follows:^ 


Locality. 

Length. 

Grade.                                    Size. 

Dis- 
charge. 

North  Bloomfield  . . . 
Dutch  Flat 

Mites, 
55 

13 
20 

16  feet  per  mile 

13i  feet  per  mile 

8.65   feet    top  by  5 
feet  bottom  by  3i 
feet  deep. 

6i  fftPt  ton  hv  4  feet 

Miners 
inehe*. 
3,200 

3,150 

La  Grange 

*deep. 
7  to  8  feet  per  mile.i  ^  (f^t  ton  hv  6  fpet 

2,400 

bottom   by  4  feet 
deep. 

In  considering  ditches  and  ditch  building,  the  three  provinces  of 
Alaska,  namely,  the  South  Coast,  Interior,  and  Seward  Peninsula,  will 
be  taken  up  in  succession. 

SOUTH   COAST  PROVINCE. 

In  the  South  Coast  province  of  Alaska  the  topography  permits  a 
rapid  increase  of  head  in  short  distances.  (See  PI.  XVI,  J.,  p.  114.) 
The  ditch  line  of  the  Alaska-Treadwell  Gold  Mining  Company,  14  miles 
in  length,  delivers  water  from  the  penstocks  above  the  mill — to  which 
it  supplies  power— at  an  elevation  of  480  feet.  As  may  be  seen  from 
the  map  (fig.  19),  the  ditch  heads  in  Fish  Creek  1,000  feet  above  the  sea. 
The  water  at  the  upper  penstock,  midway  on  the  ditch  between  Doug- 
las and  Treadwell,  is  taken  out  at  an  elevation  of  600  feet  above  the 
sea.  The  distance  from  the  penstock  to  the  nqzzle  is  only  1,500  feet 
on  slope,  and  it  may  easily  be  seen  what  advantage  is  gained  from  the 
steep  topography.  The  grade  of  the  mountain,  nearly  30  feet  in  100, 
is  such  that  were  a  suflScient  amount  of  water  available  in  one  of  the 
near-by  creeks  no  ditch  at  all  would  be  required.  The  water  could  be 
led  out  by  a  few  hundred  feet  of  flume  to  a  penstock,  and  a  pipe  line 
led  directly  from  this  to  the  mill.  The  Treadwell  ditch  line  is  com- 
posite, so  far  as  its  contained  water  is  concerned,  since  it  taps  suc- 
cessively Fish,  Eagle,  Cowee,  Lawson,  Paris,  Bullion,  and  Ready 
Bullion  creeks.  Its  length  is  not  extreme  considering  the  amount  of 
water  obtained,  but  it  is  considerably  greater  than  would  have  been 
necessary  if  all  the  water  could  have  been  obtained  from  a  single  creek 
or  river. 


a  Bowie,  op.  cit.,  p. 


Bull.  2t>3— 1^- 


Digitized  by  VjOOQIC 


114 


GRAVEL    AND   PLACER   MINING    IN    ALASKA. 


[BULL.  263. 


The  apparent  extraordinary  fall  of  the  Troadwell  ditch  (over  20  feet 
to  the  mile)  may  be  accounted  for  by  the  fact  that  it  has,  at  each  creek 
which  it  taps  in  its  course,  a  drop  off  of  6  to  7  feet,  and  reservoir,  in 
which  are  relief  gates,  as  illustrated  in  the  photograph  of  the  ditch  at 
Lawson  Creek.  (See  PI.  XVI,  B.)  One  of  the  waste  gates  shown 
on  PI.  XVI,  B^  is  5  feet  4  inches  wide;  the  other  is  6  feet  7  inches 
wide  and  3  feet  3  inches  deep.  There  is  a  smaller  auxiliary-  gate 
4.  feet  6  inches  wide  and  2  feet  deep. 

The  Treadwell  main  ditch  is  14  miles  in  length,  and  is  supplemented 
by  4  miles  of  subsidiary  ditches.''  The  main  ditch  heads  in  Fish 
Creek,  and  its  supply  of  water  is  obtained  successively  from  Eagle, 
Cowee,  Ijawson,  and  Paris  creeks,  while  an  additional  ditch  brings  water 


Contour  Interval  M)0 


J.      V^^^^ 


Fio.  19.— Map  of  portion  of  Juneau  district. 

from  Ready  Bullion  and  Bullion  creeks.  In  summer  the  water  is  used 
for  running  760  of  the  880  stamps  of  the  mills,  but  in  winter  it  is  not 
used  for  power  purposes.* 

The  main  ditch  has  a  width  of  7  feet  on  top  and  (l  feet  on  the  bot- 
tom, and  a  depth  of  5  feet.  In  1904  construction  was  going  on  in 
portions  of  the  ditch  line  as  follows:  Twelve-inch  posts,  in  sets  with 
5-foot  centers,  were  being  placed  along  the  inside  of  the  ditch,  leaving 
space  5  feet  in  the  clear  at  bottom  and  4i  feet  in  the  clear  at  top,  with 
7-inch  cap  logs  4^  feet  between  shoulders.  Lagging  split  3  inches 
thick  and  1^  feet  wide  was  laid  inside  the  posts.     Moss  and  sod  were 

«See  Kinzie,  R.  A  ,  The  Treadwell  group  of  mines,  Douglas  Island.  Alaska:  Trans.  Ara.  Innt.  MIn. 
Eng..  vol.  3^1,  1904.  p.  [Mi. 
tit  is  to  be  regretted  that  full  data  regarding  the  Treadwell  ditch  are  not  at  hand. 
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then  filled  in  between  the  lagging  and  the  side  of  the  ditch,  poles  laid 
lengthwise  over  the  caps,  and  sod  laid  over  the  whole.  Fluming  has 
been  found  very  unsatisfactory  at  the  Treadwell.  The  flume  was 
banked  with  sod  on  sides  and  top.  Anchor  ice  in  winter  collected  in 
the  bottom  of  the  flume,  and  was  removed  with  great  difficulty. 

The  Treadwell  ditch  for  long  distances  is  bridged  with  poles  and 
brush,  which  in  many  places  are  covered  with  sods.  Sodding  is  said 
to  be  the  best  preventive  against  freezing,  not  only  here,  but  in  all 
parts  of  Alaska. 

The  pressure  boxes  are  connected  with  the  ditch  by  flumes  35  feet 
long,  5  feet  wide,  and  3  feet  deep.  The  water  first  enters  a  gravel 
tank  which  is  cleaned  twice  a  year.  This  tank  is  built  of  2-inch  lum- 
ber and  is  8  feet  wide  by  9  feet  long  and  14  feet  deep.  From  the  tank 
the  water  flows  through  a  4-foot  section  of  flume  3  feet  3  inches  wide,  the 
bottom  of  which  is  only  5  feet  below  the  top  of  the  tank,  into  the  main 
penstock.  This  is  11  feet  long  by  9i  feet  wide,  inside  measurement, 
and  14  feet  deep.  It  is  built  of  3-inch  lumber,  with  8-  by  10-inch  posts, 
sills,  and  caps,  with  4-foot  centers.  The  penstock  is  fitted  with  a 
wooden  inclined  grizzly  to  catch  any  leaves  or  refuse  that  pass  the 
gi-avel  trap.  The  penstock  and  sand  trap  combined  make  a  structure 
20  feet  6  inches  long  by  10  feet  10  inches  wide  by  14  feet  deep,  out- 
ride measurement.  The  penstock,  as  illustrated  in  PI.  XVII,  A^  is 
banked  halfway  up  the  sides  with  sod,  and  the  pipe  line  leading  from 
it  is  covered  with  sod.  The  sand  trap  is  provided  with  a  sluicing-out 
gate  on  the  side  opposite  that  shown  by  the  photograph.** 

PI.  XVII,  B^  illustrates  a  method  of  guying  the  pressure  box  on 
steep  slope,  in  use  by  the  American  Gold  Mining  Company  in  Silver 
Bow  basin,  Alaska.  The  intake  of  the  pipe  line  is  protected  by  shed 
from  heavy  snows. 

As  water  is  in  use  for  placer  mining  only  during  the  open  season, 
few  instances  were  seen  in  Alaska  of  attempts  to  sod  up  the  ditches 
and  connections  to  prevent  freezing  in  winter.  At  the  Treadwell, 
however,  the  water  is  used  for  generating  power.  Pipe  liues, 
especially  in  Seward  Peninsula,  are  frequently  sodded  over,  as  much 
for  protection  against  rust  as  to  prevent  freezing. 

In  Silver  Bow  basin,  east  of  Juneau,  ditching  has  been  found  imprac- 
ticable and  all  conduits  are  flumed.  In  general  in  southeastern  Alaska 
fluming  will  be  found  cheaper  than  ditching,  as  ditches  would  have  to 
be  cut  in  solid  rock  for  the  most  part,  and  in  numerous  places  the 
mountain  slopes  are  so  steep  as  to  render  their  construction  impossible. 

ogee  Bowie,  A.  J.,  Jr.,  A  Practical  Treatise  on  Hydraulic  MiniDg  In  California,  1885.  p.  177,  for  plan 
and  elevation  of  North  Bloomfield  pressure  box. 
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The  flume  of  the  Jualpa  Company,"  one- half  mile  northeast  of 
Juneau,  is  shown  on  PI.  XV III,  ^4.  The  water  is  taken  from  Gold 
Creek,  the  head  gate  l)eing  9  by  8  feet.  The  flume  is  4,t>0i)  feet  in 
length,  and  has  a  grade  of  li  inches  in  16  feet,  or  34.3  feet  to  the 
mile.  It  is  4  feet  8  inchas  square,  inside  measure;  the  Dottom  and 
side  boards  arc  2  inches  thick,  planed  inside,  and  battened  with  3-  by 
i-inch  lumber;  there  are  4  collars  to  a  1k)x  of  12  feet;  each  alternate 
collar  consisting  of  a  5-  by  5-inch  sill,  8  feet  long;  two  posts  4  by 
6  inches  by  5i  feet  hign,  with  a  gain  of  one-half  inch  into  sill,  and 
two  caps  of  2-  by  4-inch  pie<'es  nailed  to  the  sides  of  the  posts  above 
the  cover  boards.  The  yokes  are  braced  with  2  by  12's.  These  col- 
lars have  6-foot  centers,  and  alternately  l)etween  them  are  yokes  con- 
sisting of  a  3-  b}'  5-inch  sill,  and  two  4-  by  4-inch  posts,  uncapped. 
The  flume  is  covered  with  boards  1^  by  12  inches  by  5  feet,  laid  cross- 
wise, and  nailed.  Each  box  contains  approximately  425  l>oard  feet  of 
lumber.  The  cost  of  the  flume  is  said  to  have  l)een  Jf2.2()  per  foot,  or 
$11,616  per  mile,  including  lumber  and  lal>or.  This  did  not  include 
the  cost  of  shooting  rock  for  the  flumeway,  which  was  as  high  as  $5 
per  foot  in  places.  A  head  of  225  feet  is  obtained,  and  the  capacity 
of  the  flume  is  said  to  be  5,000  miner's  inches. 

The  pressure  l)ox  to  which  the  flume  leads  is  12  by  18  feet  by  11 
feet  deep.  It  is  built  of  l^^-inch  lumber,  and  has  collars  of  8-  by  8-inch 
timber.     The  pipe  at  the  intake  end  is  36  inches  in  diameter. 

In  building  flumes  about  Juneau  trestling  frequently  has  to  lie 
resorted  to,  thus  adding  greatly'  to  the  expense.  In  general  it  may  ))e 
said  that  the  cost  of  building  a  4-foot  flume  in  the  So  ith  Coast  prov- 
ince will  not  fall  greatly  below  $10,(K)0  per  mile,  and  w  ill  occasionally 
be  double  this  amount. 

For  small  flumes,  Bowie  gives  the  following  specifications:* 

Specifications  for  fiumf  Jifeet  wide,  Jifeet  deep;  IJ-fool  box. 

Feet. 

3  caps,  4  feet  by  3  by  4  inches 12J 

6  poste,  3  feet  by  3  by  4  inches 18 

9  planks,  12  feet  by  IJ  by  6  and  12  inches 135 

3  sills,  4i  ft»et  by  4  by  4  inches 18 

2  stringers,  12  feet  by  4  by  6  inches 48 

6  Imttens,  12  feet  by  3  inches  l)y  1  inch 14 

l-f(K)t  plank,  12  feet  by  10  by  IJ  inches 15 

Total  lumlxjr  in  one  b*)X 264  J 

Number  of  lM)xes  jHjr  mile,  440. 

a  Recent  information  (Mining  and  Scientific  Press.  DeccnilxT  31,  1904>,  states  that  elaborate  prepa- 
rations for  operating  this  property  were  made  the  hiPt  summer.  These  incUide  the  interception 
of  the  water  of  Gold  Creek  above  the  property  by  a  dam,  and  its  diversion  to  a  flume  to  carry  it  past 
the  hydraulic  pit.  The  flume  is  20  feet  wide  by  9  feet  deep,  and  4.'r>0  fwt  long,  2.2,')0  feet  being  tre«- 
tled.    It  contains  1,200,000  feet  of  lumber,  6,000  linear  feet  of  hewed  timt>er,  and  20  tons  of  nails  and 

lM»ltS. 

'•Op.  cit.,  p.  11V». 
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Reckoning  the  cost  of  lumber  for  a  box  at  $4  and  the  labor  of  1  man 
at  $5  for  one  day  to  each  box,  such  a  flume  would  -cost  $4,000  per 
mile,  exclusive  of  survey,  rock  work,  and  trestles.  It  is  difficult  to 
see  how  the  cost  of  building  even  small  flumes  can  fall  below  $7,000 
per  mile  in  the  South  Coast  province  of  Alaska. 

INTERIOR. 

In  the  interior  Yukon  and  Tanana  fields  ditching  is  practicable  and 
is  reconmiended  in  preference  to  flumes.  There  are  difficulties,  but 
they  are  not  insurmountable.  In  the  interior  no  large  ditch  enter- 
prise similar  to  those  of  Seward  Peninsula  has  been  undertaken. 
The  Atlin  field  has  afforded  data  regarding  building  of  ditches,  but 
conditions  are  hardly  comparable  with  those  in  the  Yukon  region. 
With  the  exception  of  the  small  amount  of  bench  mining  in  the  inte- 
rior only  a  small  amount  of  gravel  is  handled  daily,  and  ordinarily 
water  under  very  low  heads  is  used. 

The  future  of  hydraulic  mining  in  the  Klondike,  Birch  Creek,  Forty- 
mile,  Eagle,  and  Tanana  mining  districts  is  not  promising.  The  gentle 
slopes  of  the  mountains,  the  low  grade  of  the  creek  valleys,  and  the 
sparse  amount  of  water  are  unfavorable  to  obtaining  a  sufficient  amount 
of  water  for  hydraulicking  at  a  working  head.  A  peculiar  drawback, 
depending  on  the  geological  histor}'  of  the  region,  is  the  fact  that  the 
level  tops  of  the  Yukon  and  Tanana  mountains  represent  a  partially 
eroded  peneplain  of  very  wide  extent — 300  miles  from  east  to  west  and 
200  from  north  to  south,  approximately.  This  area,  in  which  the 
placer  fields  of  the  Yukon-Tanana  rectangle  are  situated,  is,  as  it  were, 
a  table-land,  the  top  of  which  tilts  slightly  to  the  south,  and  into  which 
the  modern  streams  have  cut,  rounding  off  the  residual  parts  between 
them  into  low  dome-shaped  mountains,  averaging  3,000  feet  in  height, 
and  varying  from  6,000  to  2,000  feet. 

A  comparison  of  the  topography  of  the  South  Coast  province  with 
that  of  the  interior  is  illustrated  by  Pis.  XVIII,  B,  and  XIX,  A.  In 
the  interior  there  are  no  sharp  declivities,  no  waterfalls,  no  sudden 
descents  in  the  surface.  The  grades  of  creek  valleys  are  seldom  over 
3  feet  in  100  and  are  commonly  1  foot  in  100.  (See  table  8,  p.  104.) 
If  2  per  cent  is  taken  as  an  average  grade  and  it  is  assumed  that  a  ditch 
must  be  three  times  as  long  as  the  creek  on  which  it  is  to  furnish 
water  under  head  at  a  lower  point,  it  is  evident  that  only  300  feet 
head  would  be  obtained  by  10  miles  of  ditch.  Such  a  ditch  taken 
from  one  stream  would  afford  only  200  miner's  inches  of  water,  a  fair 
average  for  the  region  during  the  four  months  of  the  summer  season. 

Witiiin  leading  distance  there  are  no  high  mountains  from  which  to 
draw  a  supply.  The  alpine  peaks  of  the  Alaska  Range  lie  to  the  south 
of  the  Tanana,  and  could  not  by  any  possibility  be  made  to  afford 
water  to  be  used  for  hydraulicking.     (See  PI.  XLI,  B.) 
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Ditches  and  Humes  for  conveying  water  must,  as  hitherto,  l>e  of 
small  size.  They  will  deliver  a  small  amount  of  water  at  a  low  head, 
1(X)  miner's  inches  of  water  at  75-foot  head  being  about  what  may  be 
obtained  under  favorable  conditions. 

Special  difficulties  encountered  in  the  interior  of  Alaska  and  the 
North  generally  have  been  found  to  be  as  follows: 

At  Atlin  the  action  of  frost  causes  the  ditch  to  enlarge  after  con- 
struction. The  opinion  was  expressed  that  steel-pipe  conduits  do  not 
freeze  as  quickly  as  flumes.  In  a  19-  by  4()-inch  flume  of  l,i>6()  feet  in 
length  it  was  found  that  the  frost  heaved  the  flume  and  put  it  out  of 
grade  each  season,  but  even  then  it  was  regarded  as  more  economical 
than  a  ditch.  The  flumes  on  McKee  Creek  have  to  be  gone  over  every 
spring  to  restore  the  grade.  Sills  are  set  in  4  inches  of  blocking  on 
the  stringers  so  that  the  grade  can  be  regulated.  It  was  also  said  that 
the  native  Atlin  lumber  is  preferred  for  the  flume^s  and  sluices,  as 
imported  Pacific  coast  lumber  warped  badly.  If  native  lumber  is 
used,  8  inches  is  the  greatest  width  available.  Notwithstanding  the 
cost  of  maintenance,  ditches  are  much  used  at  Atlin,  one  company 
operating  10  miles  of  ditch. 

In  the  Klondike  district,  where  nearly  all  ground  is  solidly  and  per- 
manently frozen,  it  is  said  that  three  years  after  construction  must  be 
allowed  to  get  a  ditch  into  condition  to  stand.  Various  estimates  have 
been  made  and  projects  formulated  in  this  field  for  bringing  in  water 
from  a  distance  for  the  purpose  of  working  the  remaining  gravels  of 
the  benches  (the  so-called  ''White  Channel")  which  lie  at  an  average 
elevation  of  270  feet  above  the  rich  bottoms  of  Bonanza,  Eldoi*ado, 
and  Hunker  creeks.  The  building  and  maintenance  of  a  ditch  having 
its  source  in  some  of  the  higher  tributaries  of  Klondike  River  and 
affording  water  at  a  sufficient  head  is  not  regarded  as  an  impossible 
engineering  feat,  but  up  to  the  present  the  cost  has  been  considered 
prohibitive.  Dry  seasons  alternate  with  wet  one^,  and  in  consequence 
the  amount  of  water  available  during  a  given  season  might  vary 
from,  say,  1,000  inches  to  5,000  inches.  No  calculations  based  on  the 
full  capacity  of  the  ditch  could  l)e  made  in  advance,  therefore, 
regarding  the  season's  product. 

Recent  information  concerning  the  Acklen  ditch,  led  along  the  north 
side  of  Klondike  Rivei-  near  Dawson  for  the  purpose  of  hydraulick- 
ing  high  beni^hes  bordering  that  stream,  has  been  embodied  in  the 
table.  It  is  stated  that  the  cost  of  the  earth  excavation  of  this  ditc*h, 
7  by  4  by  2i  feet  deep  and  41,500  feet  in  length,  was  $34,000. 

Small  storage  reservoirs  are  used  by  many  of  the  Klondike  opemtors 
to  impound  the  small  and  variable  amount  of  water  avaiIaV>le  for 
working  the  benches  of  the  White  ('hannel.  On  Hunker  Creek  a 
small  ditch  3  by  2  feet  and  4  miles  long  is  in  excellent  condition  after 
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four  years'  service.  The  annual  cost  of  maintenance  is  $1,000,  or  10 
per  cent  of  the  original  cost. 

In  ditching  in  bad  ground  it  has  been  found  beneficial  not  to  remove 
the  moss  carpet,  but  to  cut  it  in  4-foot  lengths,  transverse  to  the  line 
of  ditch,  then  to  roll  it  back  along  the  lower  edge,  and  after  the  ditch 
is  dug  to  let  it  drop  so  as  to  cover  the  side  of  the  ditch. 

In  the  region  adjacent  to  Eagle,  Alaska,  it  has  been  found  that 
where  the  topography  did  not  admit  of  ditching  the  maintenance  of 
flumes  is  very  expensive  and  that  the  use  of  steel -pipe  conduits  is 
preferable. 

A  useful  suggestion  for  flume  building  was  obtained  on  Dead  wood 
Creek,  in  the  Birch  Creek  district.  Flat  timbers  obtained  in  the 
neighborhood  were  used,  and  the  flume,  3  feet  by  1  foot,  was  calked 
with  moss  inside.  The  cost  was  only  25  cents  a  foot,  and  the  flume  is 
said  to  be  good  for  ten  years.  In  this  locality  it  is  almost  impossible 
to  secure  sawed  lumber  at  any  price  unless  the  operators  whipsaw  it 
themselves.  In  all  northern  latitudes  the  moss  is  an  excellent  calking 
material. 

Through  the  interior  country  it  has  been  found  that  ditches  on  the 
south  slopes  of  the  mountains  can  be  made  with  much  more  success 
than  on  the  north  slopes.  In  fact,  the  north  slopes  are  frequently 
bare  rock,  while  on  the  south  slopes  a  good  deposit  of  earth  has 
accumulated. 

The  presence  of  crystosphenes,^  which  are  foimd  on  the  slopes  as 
well  as  in  the  creek  valleys  in  all  parts  of  the  north  where  perpetual 
frost  prevails,  is  the  ditch  maker's  greatest  obstacle.  Mr.  Tyrrell 
says:  ''  Asa  rule  they  [the  crystosphenes,  or  so-called  'glaciers']  occur 
as  more  or  less  horizontal  sheets  of  clear  ice,  from  6  inches  UrS  feet  in 
thickness,  lying  between  layers  of  'muck'  or  fine  alluvium,  usually 
where  the  'muck'  is  divided  horizontally  by  a  thin  bed  of  silt  or  sand; 
and  most  of  them,  as  far  as  my  observation  goes,  are  from  2  to  4  feet 
below  the  surface,  though  some  are  deeper.  The}^  approximate  closely 
to  the  slope  of  the  surface,  under  which  they  lie."  These  sheets  are 
from  25  to  150  feet  in  diameter,  generally  somewhat  oblong.  They 
are  explained  by  Mr.  Tyrrell  as  due  to  the  freezing  of  seepage  water, 
causing  a  gradual  accretion  to  the  mass  annually.  Mr.  I.  P.  Tol- 
machof*  hits  examined  similar  occurrences  in  northeast  Siberia,  and 
explains  them  as  fossil  snowbanks.  Whatever  their  explanation,  they 
are  exceedingly  common  both  in  the  interior  and  in  Seward  Peninsula. 
They  are  found  not  only  in  creek  beds,  but  on  the  slopes,  and  show 
no  regularity  in  distribution. 

a  Tyrrell,  J.  B.,  Crystospheiu^,  or  buried  sheet*  of  ice,  In  the  tundra  of  northern  America:  Jour. 
Geol.,  vol.  12, 1904. 
^Ground  ice  of  Berezovka  River:  Pn)c.  R.  Russ.  Min.  Soc.,  St.  Petersburg,  1903. 
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Where  such  a  mass  of  ice  is  met  sod  and  moss  must  be  extensively 
used,  and  both  the  first  construction  and  annual  maintenance  will  be 
much  greater  than  in  other  portions  of  the  ditch.  For  an  account  of 
the  method  of  dealing  with  such  ice  sheets  see  the  description  of  ditch 
building  in  Seward  Peninsula. 

In  the  Fairbanks  district  so  little  ditching  has  been  done  that  no 
results  gained  from  experience  were  available.  The  frozen  ground 
has,  however,  been  found  so  bad  for  ditching  that  the  cost  of  annual 
maintenance  is  from  one-fourth  to  one-half  as  much  as  the  first  cost  of 
construction.  Such  expedients  as  patching  with  canvas  have  been 
adopted  as  a  temporary  makeshift.  The  small  ditches  which  have 
been  constructed  are  run  with  as  flat  a  grade  as  possible  to  avoid  cut- 
ting out.  Here  as  elsewhere  in  the  interior  the  use  of  sod  for  lining 
the  sides  of  the  ditches  can  not  be  too  highly  recommended. 

Small  reservoirs  in  the  creek  beds  for  impounding  sluice  water  are 
in  use  and  will  be  described  in  connection  with  open-cut  mining. 

SEWARD   PENINSULA. 

The  following  notes  regarding  the  building  of  ditches  have  been 
contributed  by  Mr.  Guy  A.  R.  Lewington,  of  Nome,  Alaska,  manager 
of  the  mining  properties  belonging  to  the  North  American  Transporta- 
tion and  Ti*ading  Company: 

Ditch  building  in  Seward  Peninsula  has  become  one  of  the  most  serious  ques- 
tions with  reference  to  economical  mining  and  the  general  stability  of  the  whole 
mining  industry.  Water  under  pressure  for  hydraulic  mining  is  the  all-important 
condition,  and  to  this  end  I  submit  the  following,  which  may  be  of  pome  interest  to 
those  contemplating  investment  in  this  section. 

The  necessary  equipment  consists  of  plows,  scrapers,  and  graders  of  the  usual  kind 
in  use  in  the  States,  and,  of  course,  a  camp  outfit  of  tents,  both  for  living  and  stable 
purposes. 

The  conditions  to  be  contended  with  in  this  country  are  different  in  almost  all 
respects  from  those  which  have  come  under  my  observation  elsewhere.  The  most 
serious  of  these  is  the  building  of  a  tight  and  strong  ditch  over  "glacier,"  «  of  which 
much  is  encountered  wherever  ditches  have  been  constructed.  Under  this  condition 
it  has  been  found  best  to  dig  as  shallow  and  broad  a  ditch  as  possible,  not  digging 
much  below  the  moss,  and  to  build  the  outer  bank  of  the  ditch  up  to  the  required 
height  by  the  use  of  the  sod  which  covers  the  whole  country.  This  sod  in  a  short 
while  settles  and  knits  itself  together,  and  thus  becomes  a  very  serviceable  bank.  It 
will  not  cut  or  wear  out,  and  the  older  it  gets  the  better  it  becomes.  When,  however, 
it  becomes  evident  that  the  bottom  of  the  ditch  is  cutting  and  wearing  away,  sod  again 
must  be  resorted  to,  and  by  lining  the  bottom  of  the  ditch  with  it  the  trouble  may 
soon  be  overcome.  In  this  way  a  ditch  can  be  made  over  perpetually  frozen  ground 
where  otherwise  it  would  be  impossible.  Much  ditch  has  to  be  constructed  over 
loose  stones  with  little  or  no  sediment  between  them.  In  this  case  the  ditch  must 
l>e  lined  with  sod  and  all  holes  must  be  filled  by  tamping  sod  into  them  as  far  as 
possible.     This  being  done  it  will  be  found  that  the  water  traveling  through  the 
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diU'h  will  deposit  sediment  over  the  sod  and  level  it  up,  and  that  after  a  little  while 
it  will  become  tight.  Puddling,  of  course,  will  help  any  ditch  here  or  elsewhere. 
Those  two  conditions  are  the  only  serious  ones  to  be  contended  with  in  ditching 
ground. 

A  strong  plow  drawn  by  2-hor8e  team  is  the  first  implement  used.  (8ee  PI.  XIX, 
i?,  p.  120.) 

All  being  ready,  the  driver  is  instructed  to  plow  a  single  furrow,  following  as 
closely  as  possible  from  one  survey  peg  to  the  next,  following  the  natural  contour  of 
the  country.  This  he  does  for  say  a  distance  of  one-half  mile,  thus  establishing  the 
diU*.h  line.  The  plowing  is  continued  to  a  width  sufficient  so  that,  allowing  plenty 
of  s\u\ie  for  the  inner  bank,  the  retiuired  depth  of  ditch  may  l)e  obtained.  The 
grader  is  next  used  for  the  purpose  of  removing  what  has  been  plowed  to  the  outer 
bank  of  the  ditch.  This  l)eing  done  the  ditch  will  look  much  like  a  wagon  road. 
Then  the  plow  is  used  again,  plowing  as  before  a  single  furrow,  following  as  nearly 
as  possible  the  first  /urrow  plowed,  which  is  plainly  visible.  This  second  plowing 
being  done,  the  8craj)er  is  resorted  to,  and  the  loose  plowed  material  is  scraped  from 
the  ditch  to  the  outer  bank,  building  it  up.  -This  work  is  repeated  until  the  ditch  is 
almost  completed.  All  that  remains  to  make  an  excellent  ditch  is  to  level  up  the 
bottom  and*  to  slope  the  ditch  to  required  dimensions.  This  work  is  done  by  hand 
with  pick  and  shovel.  The  plow  and  scraper  should  do  almost  all  the  work,  how- 
ever, so  that  as  little  as  possible  remains  to  l>e  done  by  hand.  After  completion  of 
the  ditch  only  a  small  head  of  water  should  be  allowe<l  to  flow  through  it  for  a  few 
days,  until  it  has  become  well  soaked;  then  the  head  may  be  gradually  increased  a 
little  daily  until  the  full  capacity  is  reached. 

All  water  should  be  turned  out  of  the  ditch  b(»f6re  the  freeze-up  in  the  fall,  and 
the  ditch  made  as  dry  as  possible  by  the  opening  of  all  waste  gates,  of  which  there 
should  be  one  at  least  every  one-third  of  a  mile.  These  waste  gates  should  be  left 
open,  to  enable  the  water  during  the  spring  thaw  to  run  out  of  them  instead  of  fill- 
ing the  ditch  with  water  and  overflowing  its  banks.  These  waste  gates  should  be 
cleared  of  all  snow  and  ice  at  the  first  approach  of  a  thaw  in  the  spring,  in  order 
that  the  water  may  have  a  free  outlet.  This  is  very  important.  In  the  spring  no 
water  should  be  allowed  to  run  through  the  ditch  until  at  least  2  to  3  inches  in  depth 
of  the  ditch  has  thawed,  and  then  only  a  small  head  to  start  with,  as  frozen  ground 
cuts  very  rapidly.  If  this  work  is  carefully  done  I  have  no  doubt  that  the  ditch  will 
be  ready  for  work  by  the  time  it  becomes  possible  to  mine. 

Considering  the  remoteness  of  the  country  and  its  high  latitude,  ditch  building 
can  be  done  at  a  cost  surprisingly  low.  The  entire  absence  of  timl>er,  small  amount 
of  rot!k  work,  generally  good  soil,  and  gentle  slopes  of  the  hillsides  are  conditions 
which  make  ditch  building  very  feasible  in  the  auriferous  portions  of  Sewanl 
Peninsula. 

Pluming  should  not  be  employed  unless  absolutely  unavoidable,  as  frost  and  snow 
in  winter  play  havoc  with  flumes,  and  the  swelling  and  contracting  of  the  ground, 
due  to  alternate  freezing  and  thawing,  continually  keep  the  flume  off  grade.  There 
are  few  instances  where  it  is  necessary  to  use  a  flume. 

Much  of  the  tlitoh  construction  at  Nome  is  now  done  l)y  contract. 
The  following  information  was  supplied  for  this  report  by  one  of  the 
ditch  contractors  at  Nome: 

In  the  construction  of  ditches  on  Seward  Peninsula  the  following 
three  types  of  machines  are  used,  all  being  drawn  by  horses:  The 
ordinary  road  grader,  the  horse  scrapers,  which  are  so  extensivel}' 
used  in  California,  and  an  ordinary  breaking  plow. 
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After  the  ditch  line  has  been  surveyed  and  staked  30  men  and  20 
horses,  for  example,  with  plows  and  scrapers,  are  put  to  work.  The 
plows  proceed  ahead  of  the  grader,  and  the  cutting  is  continued  until 
the  uphill  side  of  the  ditch  bottom  is  nearly  cut  to  grade.  At' this 
stage,  which  is  represented  ideally  by  fig.  20,  it  will  be  seen  that  the 
contents  of  the  cut  A,  B,  C  has  been  thrown  up  to  form  the  bank 
C,  D,  E  on  the  outer  side  of  the  proposed  ditch.  The  remaining  work 
consists  in  removing  the  earth  in  the  portion  B,  F,  H,  which  is  par- 
tially uncut  and  partially  built  up  by  the  grader.  The  most  ecx>- 
nomical  work  is  done  when  the  portion  removed  by  the  grader  is  so 
balanced  as  to  demand  the  least  cutting  by  the  scrapers  in  throwing 
up  the  necessary  bank.  It  will  be  seen  from  the  above  statements 
that  the  burden  of  the  work  falls  on  the  first  plows  and  on  the  grader, 
though  the  subsequent  work  of  the  scrapers  and  hand  finishing  is  just 
as  important. 

Four  horses  and  1  man  are  usually  used  to  a  grader,  though  8  horses 
are  often  used.     The  scrapers  use  from  2  to  4  horses,  depending  upon 


Fig.  20.— Section  of  ditch  In  construction. 

the  size  of  the  ditch.  Four  horses  are  not  generall}^  used  to  a  scraper 
unless  the  ditch  is  to  be  7  feet  or  more  wide.  The  plows  breaking 
first  ground  usually  need  4  horses  each.  It  may  be  said  that  where  a 
slope  is  steep  very  little  or  no  cutting  is  needed  on  the  lower  side  of 
the  ditch,  since  the  dirt  necessary  for  the  bank  can  all  be  obtained  in 
reducing  the  upper  side  to  grade. 

Special  methods  are  necessar}^  when  the  ditch  passes  through  sec- 
tions underlain  by  ground  ice,  as  previously  described,  or  runs  over 
sections  of  rock.  Very  careful  work  is  needed  when  the  rock  is 
broken  and  fractured.  It  has  been  found  bad  practice  to  cut  through 
the  stringy  moss  which  overlies  the  masses  of  ground  ice,  generally 
referred  to  as  '^ glacier;"  in  fact  it  is  disastrous  to  the  permanency 
of  that  section  of  the  ditch,  and  is  the  beginning  of  never-ending 
repairs,  since  the  ice  continues  to  thaw,  causing  constant  leakage.  The 
best  practice  is  to  build  sod  walls  on  the  lower  side,  leaving  the  moss 
undisturbed.     All  rock  work  must  be  done  by  hand,  and  where  the  ditch 
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parses  through  fractured  material  all  cracks  must  be  filled  with  moss. 
Too  much  care  can  not  be  observed  in  the  latter  detail,  and,  especially 
during  the  first  weeks  of  use,  men  must  be  kept  constantly  traversing 
and  repairing  those  sections  where  leaks  are  apt  to  occur.  The  stirring 
up  of  the  water  by  men  walking  along  the  bottom  of  the  ditch  is  a  good 
pmctice  in  the  early  stages,  for  silt,  in  addition  to  the  sod,  is  a  most 
valuable  factor  in  filling  the  cracks. 

A  scraper  will  work  to  great  advantage  in  decayed  schist,  which  needs 
no  lining,  as  it  holds  water  better  than  any  other  ground  encountered 
and  cuts  out  less.  Fluming  does  not  pay  when  there  is  a  possibility 
of  ditch  building.  In  fact,  it  has  been  often  stated  by  men  familiar 
with  ditch  construction,  that  where  possible,  it  is  profitable  both  as 
regards  first  cost  and  subsequent  maintenance  to  build  a  ditch  in  place 
of  fluming,  even  if  the  distance  necessary  to  be  covered  by  the  former 
be  ten  times  that  of  the  latter.  Many  slopes  apparently  not  permit- 
ting a  ditch  cut,  owing  to  the  presence  of  broken  rock  and  talus  slides, 
on  close  examination  are  found  to  be  favorable,  for  if  2  or  3  feet  of 
this  loose  material  is  moved  there  are  excellent  opportunities  for 
comparatively  cheap  rock  cuts. 

When,  however,  it  is  deemed  impracticable  to  construct  a  ditch,  and 
where  a  flume  must  be  built  crossing  a  gully,  a  very  efficient  founda- 
tion can  be  made  by  digging  shallow  holes,  filling  with  gravel,  and 
placing  on  top  a  wide  plank  to  distribute  the  load.  If  the  trestle  rests 
on  such  foundations,  and  the  underlying  ice  is  not  disturbed,  much 
trouble  from  settling  will  be  avoided.  The  following  are  a  few  of  the 
costs  representative  of  ditching  in  various  materials: 

Cogt  of  ditching  t?i  txirious  materiaU. 

Soft  muck  and  tnndra,  per  cubic  yard $0. 75 

Gravelly  dirt,  per  cubic  yard .65 

Decayed  schist,  per  cubic  yard 40  to  .  60 

Rock  work,  fairly  solid,  per  foot 1. 75 

Schist  in  place,  per  cubic  yard 1. 00 

Loose  rock,  j)er  cubic  yard 1 .  25 

Ditching  in  muck  which  heaves  is  very  expensive,  and  no  general 
figure  can  be  given. 

A  ditch  carrying  1,000  miner's  inches  will  cost,  under  fair  condi- 
tions, $2,000  per  mile.  One  with  the  capacity  of  4,000  miner's  inches 
will  cost  between  $4,000  and  $5,000  per  mile.  Though  much  aflfected 
by  varying  local  conditions  a  conservative  estimate  for  general  work 
is  $1  per  cubic  yard  throughout. 

The  following  account  of  the  construction  of  the  extensive  water 
conduits  built  by  the  Miocene  Ditch  Company  was  obtained  from 
Mr.  J.  W.  Davidson,  the  company's  consulting  engineer. 

The  water  is  taken  from  Nome  River  and  its  tributaries  for  the  most 
part,  although  a  small  portion  is  taken  from  Snake  River.     At  the 
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intako.  near  the  head  of  Nome  River 


21.)    The  following  year  75  horses  and 


the  elevation  is  572  feet."  At 
Ilobson  Creek  a  large  head 
dam  has  been  constructed 
entirel}^  of  sod.  The  dam 
was  started  at  bed  rock  and 
is  20  feet  in  width  by  130 
feet  in  length  and  is  provided 
with  a  waste  gate  10  feet  wide 
and  10  feet  deep  in  the  center. 
It  has  been  found  entirely 
satisfactory.  Theditch,with 
its  branches  and  laterals,  is 
54  miles  in  length.  Of  this, 
the  main  ditch  is  31i  miles 
from  Hobson  Creek  to  the 
tunnel.  This  ditch,  as  far 
as  the  "X,"  was  made  10 
feet  on  the  bottom,  14  feet 
on  top,  with  a  depth  of  3 
feet.  It  has  a  grade  of  3.37 
feet  to  the  mile.  Seventeen 
miles  of  ditch  were  made 
from  the  head  of  Nome  Kiver 
to  Hobson  Creek,  with  the 
dimensions  8  feet  wide  on  the 
bottom,  11  feet  on  the  top, 
and  3  feet  in  depth,  with  a 
grade  of  4.5  feet  to  the  mile. 
From  the  ^'X''  to  the  tun- 
nel, as  represented  on  the 
map,  the  ditch  has  the  same 
dimensions  as  the  upper  end, 
and  a  grade  of  6.5  feet  to  the 
mile.  The  ditch  was  con- 
structed to  carry  3,000 
miner's  inches  of  water  be- 
low Hobson  Creek,  and  at 
the  upper  end  to  carry  2,500 
miner's  inches.  The  actual 
amount  of  water  available 
under  average  conditions  is 
said  to  be  2,000  inches.  The 
ditch  was  begun  on  July  6, 
1901,  at  the  ^'X.^'  (See^tig. 
the  necessary  equipment — 
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plows,  graders,  and  scrapers — were  brought  in  and  the  ditch  was 
completed  to  Hobson  Creek.  In  1903  the  ditch  was  completed  to 
the  head  of  Nome  River  and  a  branch  ditch  was  constructed  to  tap 
Snake  River.  Sixty -eight  days  were  consumed  in  building  the  ditch 
from  Hobson  Creek  to  Dexter  Creek,  forty-eight  days  from  Hobson 
Creek  to  Nome  River.  This  latter  figure  includes  the  enlargement  of 
the  originally  built  Hobson  ditch  and  the  building  of  the  Snake  River 
ditch. 

The  method  of  construction  has  been  described  above.  A  plow  was 
used  for  breaking  the  furrows  and  the  grader  was  used  for  bringing 
the  cut  to  grade,  4  horses  being  used  to  a  team.  The  ditch  making 
was  carried  on  at  the  rate  of  one-half  mile  per  day,  taking  the  tri- 
angular section  off  down  to  a  level.  This  operation  was  followed  by 
a  second  plowing.  The  grade  stakes  were  set  at  a  certain  distance 
down  the  hill  from  the  lower  bank,  and  the  men  were  directed  to  push 
the  dirt  so  as  not  to  reach  beyond  the  line  of  stakes.  From  60  to  70 
men  were  employed  all  the  time,  and  the  number  of  horses  varied  from 
50  to  100.  The  cost  was  reckoned  at  $400  for  each  horse  for  a  period 
of  eight  months,  and  the  wage  of  a  man  was  reckoned  at  $7.50  per 
day.  Two  4-horse  teams  were  employed  all  the  time  to  haul  feed. 
(See  PL  XX,  A.) 

The  grading  gang  consisted  of  one  4-horse  breaking  plow  and  a 
grader,  with  2  men  and  8  horses.  A  scraping  gang  consisted  of  2 
plows  and  9  scrapers.  There  are  thus  11  drivers,  2  men  plowing  with 
2-horse  plows,  9  scraper  men,  and  a  foreman,  beside  the  grader.  The 
general  cost  of  the  smaller  ditch  is  given  at  $2,300  per  mile.  It  is  to 
be  noted  that  in  this  construction  the  upper  bank  was  not  sloped  at 
all,  as  it  was  found  that  this  sloping  is  very  little  use  in  the  northern 
regions,  the  soil  standing  very  well  at  various  angles. 

The  difficulties  with  ground  ice  were  very  great.  At  one  place  800 
feet  of  such  an  ice  sheet  was  found,  and  here  the  cost  of  maintenance 
is  exceedingly  high.  The  only  way  to  maintain  the  ditch  is  to  haul 
clay  down  the  ditch  in  boats  and  dump  it  in.  It  is  found  that  if  suf- 
ficient clay  is  dumped  on  top  of  the  ice  it  stops  thawing,  but  this 
operation  has  to  be  annually  repeated.  At  another  point  1,100  feet  of 
flume  (8  feet  by  33  inches,  with  double  grade)  were  built  over  an  ice 
sheet,  and  so  far  the  ground  has  settled  very  little.  One  and  one-half 
inch  lumber  is  used  in  construction,  at  a  cost  of  $200  per  thousand 
feet.  For  each  mud  sill  cuts  were  made  into  the  ice  from  2i  to  3 
feet.  After  the  sills  were  in  position  the  moss  and  tundra  were 
rammed  back  over  the  ice.  The  cost  of  construction  of  this  flume 
was  $1,500,  exclusive  of  the  lumber.  It  is  stated  that  the  construc- 
tion cost  much  more  than  it  would  at  present. 

At  another  point,  across  Manila  Creek,  an  inverted  siphon  1,000 
feet  in  length,  of  hydraulic  riveted  steel  pipe,  40  inches  in  diameter, 
14  gage,  is  used  for  1,000  feet,  at  a  cost  of  $10,000.     It  has  a  dip  of 
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150  feet  in  the  center,  and  the  diflFerence  between  the  ends  is  4  feet 
vertically.  The  allowance  for  friction  made  in  this  siphon  was  for 
3,000  miuer's  inches  of  water.  At  the  upper  end  the  water  discharges 
from  a  penstock  12  by  12  by  14  feet.  Another  inverted  siphon  line 
300  feet  in  length,  of  24-inch,  14-gage,  riveted  steel  pipe,  is  laid  across 
Dorothy  Creek. 

Around  Cape  Horn  there  was  a  considerable  stretch  of  rock  work, 
1,300  feet  in  marble.  This  had  to  be  blasted  with  powder,  and  cost 
$12,000.  There  are  5  miles  of  rock  work  in  all  along  the  ditch  line. 
Between  Snow  Gulch  and  Glacier  Creek  a  tunnel  1,800  feet  in  length 
has  been  run  through  the  divide  to  carry  the  ditch  water.  Its  dimen- 
sions are  4  by  6  feet,  and  it  is  timbered  in  places.  The  top  of  the 
tunnel  is  level  with  the  top  of  the  water  on  the  entrance  side,  the  bot- 
tom of  the  tunnel  being  run  at  a  low  level  so  as  to  completely  fill  the 
tunnel.  All  the  rock  work  in  the  tunnel  was  done  by  hand  drilling, 
and  in  the  winter.  The  rock  was  found  to  be  frozen  90  feet  vertically 
below  the  surface.  The  elevation  of  the  penstock  for ' '  No.  1  Below  Dis- 
co very, "Glacier  ('reek,  where  the  bulk  of  the  water  was  used  in  1904, 
is  413  feet,  the  surface  of  the  water  being  about  2  feet  lower,  the 
available  head  at  No.  1,  below  Glacier,  being  330  feet.  The  greatest 
head  of  water  attainable  by  this  ditch  on  ground  now  being  worked  is 
said  to  be  360  feet  on  No.  2,  below  Glacier  Creek. 

The  complete  cost  of  the  ditch  and  all  accessories,  including  main- 
tenance for  four  years,  is  stated  to  be  upward  of  $300,000.  It  is  the 
practice  to  keep  15  men  on  the  whole  length  of  the  ditch  system  dur- 
ing the  four  months  of  the  working  season.  This  company,  besides  the 
use  which  it  makes  of  the  water  for  its  own  mining  operations,  sells 
some  of  its  water  to  the  minei-s  on  Glacier,  Anvil,  and  Dexter  creeks 
at  the  rate  of  $1  per  miner's  inch  under  pressure,  and  at  50  cents  per 
inch  for  water  that  has  been  once  used."  According  to  measurements 
made  with  a  Price  current  meter  August  23,  1904,  the  Miocene  ditch 
afforded  1,074  miner's  inches  above  the  No.  1,  below  penstock  on  Glacier 
Creek,  and  1,752  miner's  inches  at  a  point  on  Glacier  Creek  above  the 
tunnel  leading  a  portion  of  the  water  to  Anvil  Creek,  the  inch  equal 
to  1.5  cubic  feet  per  minute. 

In  the  whole  of  Seward  Peninsula  there  are  approximately  175 
miles  of  water  conduits,  for  the  most  part  ditches  actuallj^  con- 
stmcted,  and  fully  100  miles  more  are  reported  as  under  construction 
or  in  contemplation.  It  is  safe  to  say  that  the  work  has  averaged  in 
cost  over  $4,000  to  the  mile,  although  it  is  undeniable  that  with  the 
advantage  of  experience  the  operators  can  build  their  ditches  for  less 
money  in  future. 

Ophir  Creek,  in  the  Council  district,  has  been  the  scene  of  the  great- 
est activity  in  ditch  construction,  as  may  be  seen  by  the  table.     There 

a^the  d'Imc'h  inch  in  this  case  is  reckoned  as  equivalent  to  1.2  cubic  feet  per  minute. 
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is  estimated  to  be  a  total  of  55  miles  of  ditches  in  this  basin,  including 
the  ditch  which  taps  Pargon  River,  across  the  divide.  The  largest 
ditch  on  this  creek  carries  from  1,200  to  3,000  miner's  inches,  and  is 
through  rock  and  earth  for  over  18  miles.  It  was  conunenced  in 
August,  1901,  and  work  has  been  done  on  it  at  intervals  up  to  the 
beginning  of  the  season  of  1904.  It  is  estimated  by  the  Wild  Goose 
Mining  and  Trading  Company  that  on  Ophir  Creek,  in  ordinary  ground, 
a  mile  of  ditch  a  week  of  this  size,  16  by  10  by  3  feet,  can  be  built 
with  32  head  of  horses  and  70  men.  In  the  5  miles  of  rock  work  which 
were  made  along  the  line  black  powder  was  used  for  blasting.  The 
sod  walls'were  found  preferable  to  rock  walls  in  this  ditch,  as  in  the 
one  built  by  the  Miocene  Company.  The  water  is  used  for  working 
several  claims,  a  portion  being  distributed  to  each;  the  head  attained 
varies  from  170  to  200  feet  in  the  different  operations. 

In  the  construction  of  the  Hot  Air  Company's  ditch  line  on  Ophir 
Creek  several  long  trestles  (see  PL  XX,  B)  were  found  necassary  where 
the  ditch  crossed  and  recrossed  the  many  meanders-of  the  creek.  It 
was  necessary  to  sink  the  posts  of  the  trestling  in  rock-filled  cribs  or 
piers  in  the  creek  bed,  as  shown  in  PI.  XXI,  A. 

The  use  of  inverted  siphons  is  common  in  many  of  the  Alaska  ditch 
lines,  but  presents  nothing  new  over  the  California  practice.  The 
ordinary  rules  to  be  observed  in  conducting  water  under  pressure  in 
pipes,  the  use  of  large-diameter  pipe  to  prevent  excessive  friction, 
the  calculation  of  the  pressure,  resistance,  the  loss  of  head,  and  the 
distribution  of  air  valves  are  as  important  as  in  the  case  of  all  pipe 
lines. 

STORAGE  RESERVOIRS. 

Ijack  of  water  and  of  sites  at  a  sufficient  elevation  to  afford  head 
render  the  building  of  extensive  storage  reservoirs  in  Alaska  impracti- 
cable. The  broad,  flat  valleys,  frozen  soil,  impervious  schist  bed  rock, 
and  the  excellent  sod  material  for  dams  offer  conditions  which  appear 
attractive.  On  the  other  hand,  the  small  and  variable  amount  of  rain 
and  snow  (see  table  2,  p.  48)  makes  it  certain  that  the  expensive 
surveys  and  construction  necessary  for  reservoirs  whose  capacity  runs 
into  the  millions  of  cubic  feet  would  never  be  justified  by  results. 

Small  storage  reservoirs  have  been  successfully  built  and  have  given 
satisfactory  results.  The  capacity  of  one  built  by  the  Anglo-Klondike 
Mining  Company  is  400,000  cubic  feet,  or  sufficient  to  supply  300 
miner's  inches  for  fifteen  hours  for  h3^draulicking  at  a  head  of  150  feet. 
The  dam  is  15  feet  high  and  the  reservoir  is  filled  from  the  supply  ditch 
in  from  a  few  hours  to  three  days,  according  to  the  rains,  which  are 
exceedingly  variable.  This  reservoir,  which  is  built  at  the  elevation 
of  the  top  of  the  ancient  base-level  above  the  highest  gravels,  is  repre- 
sentative of  the  best  that  can  be  accomplished  in  this  line  in  the  interior 
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Yukon-Tanana  field.  Mr.  J.  P.  Ilutchins*'  states  that  during  the  sum- 
mer of  1904  a  reservoir  was  built  in  the  Klondike  which  has  a 
capacity  of  26,000,000  gallons  and  requires  a  dam  40  feet  in  height. 

Many  small  reservoirs  (see  PI.  XXI,  B)  are  used  in  the  North, 
affording  from  50  to  100  inches  of  water  for  a  run  of  a  few  hours. 
Reservoirs  for  the  providing  of  sluicing  water  for  winter  dumps  have 
been  built  on  Anv^il  Creek  for  catc^hing  snow  water.  In  some  cases 
even  snow  fences  have  been  erected  behind  the  dams  to  increase  the 
size  of  the  snowdrifts. 

The  Alaskan  miner  has  at  hand  the  vegetable  sod  or  peat,  a  material 
which  has  proved  efficient  under  Alaska  conditions  for  the  building  of 
small  dams.  The- construction  of  dams  is  discussed  on  pages  56-57. 
In  building  small  storage  reservoirs  for  hydraulicking,  it  is  as  necessary 
in  Alaska  as  elsewhere  to  determine  the  proper  elevation,  to  select  as 
large  a  catchment  area  as  possible,  and  to  take  into  consideration 
absorption,  evaporation,  and  the  character  of  the  ground  and  underly- 
ing bed  rock.  The  angle  of  slope  for  a  peat  dam,  as  given  by  J.  T. 
Fanning,*  is  2.75  horizontal  to  1  vertical.  Experience  has  shown  that 
in  Alaska,  owing  to  the  permanent  frost,  such  dams  will  stand  at  a 
smaller  angle,  especially  if  brush  is  laid  alternately  with  sod.  The 
cost  of  storage  dams  in  the  interior  may  be  reckoned  at  $1.75  per  cubic 
yard  of  earthwork,  and  in  Seward  Peninsula  at  $1  per  cubic  3^ard. 

The  expedient  of  building  settling  ponds  must  be  resorted  to  in 
places  where  a  small  amount  of  sluice  water  is  used  over  and  over 
for  successive  operations,  as  on  Anvil  Creek,  in  Seward  Peninsula. 
Two  such  dams  for  retaining  sediment,  one  of  which  is  shown  in 
PI.  XXII,  ^i,  are  in  use  on  Anvil  Creek.  The  water  is  drawn  off 
from  these  as  often  as  possible.  In  the  second  case  it  is  drawn  off  at 
intervals  of  ten  hours  to  the  supply  flume. 

PIPE  LINES. 

In  hydraulic  mining  the  water  is  distributed  from  the  pressure  box 
to  the  monitors  and  elevators  bj''  means  of  wrought-iron  or,  more  gen- 
erally, steel-riveted  pipe,  usually  made  up  in  sections  17  to  19  feet 
in  length.  Sheet  steel  is  used,  from  8  to  16  U.  S.  standard  gauge, 
bent,  each  plate,  30  or  36  inches  in  length,  being  riveted  in  double 
rvyws  lengthwise  and  single  on  the  ends.  The  sizes  used  in  Alaska 
vary  from  8  to  36  inches.  The  pipe  is  shipped  by  the  manufacturers 
either  made  up  and  riveted,  as  above,  ready  to  be  laid  with  slip  joints, 
or  the  material  is  supplied  in  short  plate  sections,  bent,  punched,  and 
furnished  with  necessary  rivets,  baled  and  nested  for  ti'ansportation, 
ready  to  be  cold  riveted  on  the  ground.     Fig.  22  shows  a  form  of  ship- 

aEng.  and  MIn.  Jour.,  Jan.  5, 1905. 

ftTreatise  on  Water  supply  and  Engineering,  p.  345. 
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ping  made-up  pipe  of  different  diameters  which  renders  it  secure  from 
bending  or  injury  in  transix)rt.  The  iron  bolt  can  afterwards  be  used 
in  tlie  blacksmith  shop. 

Pipe  made  up  beforehand  is  coated  by  immersing  it  in  a  bath  of 
asphaltum  preparation.  This  is  highly  important,  and  if  the  operator 
rivets  his  pipe  on  the  ground  he  should  dip  the  pipe  in  such  a  bath 
before  laying.     Bowie  gives  the  following  formula  for  a  bath: 

Per  cent. 

CVude  asphaltum 28 

Coal  tar  ( free  from  oily  substances) 72 

The  advantages  of  using  sheet  steel,  commonly  called  ''hydraulic" 
pipe,  are  its  cheapness  of  construction,  adaptability  for  crossing 
depressions  (as  in  inverted  siphons),  the  facility  with  which  it«  position 
can  be  changed,  and,  when  slip  joints  are  used,  the  ease  with  which  the 
line  can  be  laid.  Many  engineers  do  not  recommend  the  use  of  slip 
join tST- that  is,  the  slipping  of  the  end  of  one  length  of  pipe  8  inches 
into  the  end  of  the  next  to  form  the  joint.     With  average  tocography. 


wood  cap 


-i7fr. — ZT" 

Fig.  22.— Method  of  nesting  made-up  hydraulic  pipe  for  Hhlpment. 

however,  experience  has  proved  that  such  joints  stand  great  pressure, 
and  the  practice  is  nearly  universal  among  hydmulic  miners. 
Pipe  is  used  for  the  three  following  purposes: 

(1)  As  a  water  conduit,  replacing  ditches  and  flumes.  Pipe  is  not 
recommended  for  this  purpose  except  where  siphoning  is  nec^essary  or 
where  conditions  are  particularly  difficult  for  ditching  and  liuming. 

(2)  For  leading  water  from  the  pressure  box  to  the  claim. 

(3)  For  leading  the  water  from  the  gate  of  a  Y  to  its  various  points 
of  discharge,  as  to  giants,  elevators,  and  impulse  or  '"hurdy-gurdy" 
wheels. 

The  discharge  pipe  is  generally  a  nozzle,  either  manipulated  by 
means  of  a  swivel-jointed  tapering  pipe  called  a  giant  or  monitor  or 
fixed  within  a  larger  pipe  (the  contrivance  known  as  an  elevator),  or 
acting  on  the  buckets  of  a  wheel. 

The  thickness  of  the  iron  or  steel  employed  is  determined  by  th<* 
pressure  of  the  water  and  the  diameter  of  the  pipe.     Table  9  gives 
information  concerning  a  few  of  the  sizes  used  in  Alaska.     Prices  are 
those  prevailing  in  San  Francisco. 
Bull.  2(53—05 9 
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Table  9. — Double-riveted  sJieel  steel  slip-joint  hydraxdic  pipe. 


Diameter    Thickness, 
in  inches.    U.  S.  gage. 


6 
6 
8 
8 
11 
11 
11 
15 
15 
15 
15 
18 
22 
22 
24 
24 
30 
30 


Thickness  in 
fractions  of 
an  inch.     ' 


if 

if 
if 

if 

84 


Head,  in  |  Pressure  in 

feet,  pipe  pounds  per 

Hirill  safely  square  inch 

stand.  ,  due  to  head. 


Weight  i>er 
foot  in 
pound.s. 


!     480 

208 

600 

260 

450 

195 

563 

•  244 

325 

141 

408 

177 

572 

248 

191 

83 

240 

104 

300 

130 

420 

182 

450 

195 

164 

71 

286 

124 

150 

65 

187 

81 

120 

52 

150 

65 

1 

3.80 

4.85 

6.30 

7.75 

8.50 

10.50 

14.50 

8.50 

10.75 

13.00 

19.00 

30.00 

15.75 

28.50 

18.00 

22.00 

21.00 

27.00 


Price  per 
foot^  Han 
Francisco,  I 
1904.        ' 


$0.23 
.25 
.32 
.35 
.37i 
.44 
.60 
.46 
.50 
.55 
.85 

1.50 
.70 

1.20 
.80 

1.00 
.90 

1.10 


Pipe-reducing  sections,  Y's,  forks,  and  elbows,  and  the  method  of 
''nesting"  pipe  for  shipment  are  illustrated  by  fig.  23  (p.  131).  Sec- 
tions of  pipe  are  put  together,  as  above  stated,  by  slipping,  or  by  flange 
or  lead  joints.  If  it  is  advisable  to  reenforce  a  slip  joint,  the  simple 
device  shown  in  fig.  24  (p.  132),  which  can  be  made  quickly  in  the 
blacksmith  shop,  will  be  found  useful.  The  sleeve,  lugs,  and  key 
should  be  made  of  soft  steel. 

The  disadvantage  of  diverting  water  from  a  straight  pipe  line  may 
be  illustrated  by  the  experience  of  one  of  the  Alaska  operators.  It 
was  found  that  diverting  the  water  from  an  18-inch  plugged  pipe 
by  means  of  6-inch  Y  branch  gave  an  efficienc}^  of  2,  while  in  using 
the  same  water  through  the  direct  18-inch  pipe  choked  to  6  inches  the 
efficiency  was  3. 

In  laying  pipe  from  the  pressure  box  to  the  claim  the  line  should 
be  started  at  the  lower  end  and  the  joints  slipped  in  down  the  slope. 
Various  methods  of  ^'setting'"  the  pipe  are  in  use.  The  device  shown 
in  tig.  25  IS  used  by  Mr.  F.  H.  Brackett,  of  Atlin,  British  Columbia.  It 
consists  of  a  square  block  of  timber  3  by  3  feet  by  9  inches,  faced  with 
one-sixteenth  inch  steel  plate,  to  which  is  bolted  a  disk-like  wooden 
plug  the  diameter  of  the  pipe  inside.     Two  men  batter  the  timber  with 


Digitized  by  VjOOQIC 


PURINGTON.l 


HYDRAULIC    M1NINC4. 


131 


i 


the  mallet.  Another  device  used  in  Oregon  for  assistance  in  setting 
and  unsetting  pipe  is  shown  in  fig.  26.  The  wrench  is  made  with 
reversible  parts,  so  that  the  position  of  the  leverage  can  be  changed 
for  the  different  operations.  Either  of  these  devices  can  be  easily 
made  on  the  ground: 

In  cold  climates  it  has  been  found  good  practice  to  lay  the  pipe  line 
in  a  slight  lateral  curve 
down  a  slope,  so  that  sub- 
sequent contraction  of  the 
units  may  be  remedied  by 
pushing  the  pipe  into  a 
more  nearly  straight  line. 

In  laying  the  pipe  line  a 
funnel-shaped  section  of 
pipe  for  the  water  to  run 
into  is  usually  provided  at 
the  pressure  box.  This  is 
of  light  gage  and  is  6  feet 
long  and  from  40  to  30 
inches  at  its  larger  end. 
From  this  the  pipe  is  gen- 
erally of  uniform  diameter 
as  far  as  the  Y  or  iron  gate, 
from  which  the  water  is 
distributed  to  various  parts 
of  the  operations.  The 
pipe  should  be  laid  as 
nearly  straight  as  condi- 
tions will  allow,  and  elbows 
and  bends  of  small  I'adius 
should  be  avoided. 

Lead  joints  are  seldom 
necessary  in  Alaska  opera- 
tions, but  where  there  are 
sharp  declivities  pipe 
joints  must  be  braced  and 
strengthened  by  means  of 
lugs  and  wiring,  as  illus- 
trated in  fig.  27.  It  is  sel- 
dom possible  to  la}'  pipe  on  the  ''hydraulic  grade  line.''^  This  is  "an 
imaginar}^  straight  lino,  extending  from  a  point  on  the  side  of  the 
water  box  or  reservoir,  denominated  the  velocity  head,  to  the  mouth 
of  the  nozzle."  When  the  pipe  line  depart*^  greatly  from  the  hydraulic 
grade  line,  allowances  based  on  formulas  given  in  tin*  various  text- 
books on  hydraulic  mining  must  he  made  for  the  ditiVrence  in  pressure. 

«Van  WHKeiieii.  op.  cit.,  p.  69. 


Fig.  23.— Forms  of  pipe  fittings.  1,  Pipe  cut,  formed,  anu 
punched,  to  be  rivited  on  ground;  2,  pipe  nested  for  ship- 
ment; 3,  reducing  length;  4.  circular  bend;  5,  angular  bend; 
(),  short  angular  bend;  7,  T  discharge;  8,  angular!  dischajg^^: 
9,  two-way  Y;  10,  three-way  Y. 
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Whore  22-  to  30-inch  pipoH  are  used  it  i«  not  advisable  to  employ  less 
than  14  gage,  even  under  low  heads,  as  lighter  pipe  will  not  l>ear 
handling.  The  practice  of  burying  pipe,  or  at  least  sodding  it  over, 
where  the  line  is  to  be  in  place  for  more  than  a 
season,  is  recommended  in  Alaska  even  more 
than  in  other  countries. 

Air  valves,  which  can  be  simply  made  of 
leather,  hinged  to  the  inside  of  8-inch  openings 
in  the  pipe,  should  l>e  not  more  than  300  feet 
apart.  These  allow^  the  air  to  escape  when  the 
pipe  is  being  filled  and  prevent  the  collapse 
of  the  pipe  when  suddenly  emptied  of  water. 
Leakage  in  joints  may  frequently  be  stopped  by 
slowl}'  feeding  sawdust  or  manure  in  at  the 
upper  end.  In  case  of  collapse  of  a  pipe  line, 
experience  has  shown  that  by  turning  on  the 
water  slowly,  after  closing  the  lower  end,  the 
collapsed  sections  may  be  restored  to  shape  for 
temporary  use.     The  experiment  is  risky. 

PI.  XXII,  7?,  shows  the  set-up  of  a  hydmulic 
pipe  line  on  McKee  Creek.  Atlin.  As  may  Im 
seen,  the  line  is  well  braced  and  rock  ballasted,  and  on  steep  ])hiccs 
the  joints  are  held  by  lugs  and  wire  guys.  The  line,  which  is  one  of 
three  in  use  on  this  property,  is  of  12-gage  steel,  is  1,200  feet  in  length, 
has  a  30-inch  mouthpiece  at  the  penstock,  and  is  successively  reduced 
to  18,  16,  and  12  inches,  the  last  discharging  through  the  giant. 
At  full  capacity  the  discharge  was  said  to  be  700  miner's  inches  at 
ITO-foot  head.  The  discharge  was  through  a  No.  4  Vancouver  giant, 
using  6-inch  nozzle,  the  average  twenty-four  hour  duty  being  4  cubic 
yards  of  gravel.  Along  th(»  i)ipe  line  side  ditches  were  cut  for  a  short 
(listiince  to  take  care  of  leakage.  PI.  XX III,  ^1,  shows  a  pipe  lino 
led  down  a  hillside  on  Pine  Creek,  Atlin. 


Fkj.  24.— Device  for  recn- 
forciug  joints  of  pipe. 


Yui.  2.'>.— Deviee  for  M»ttiiiK  pi|>e  by  Imtterinp. 

An  important  fact  regarding  the  flow  of  water  in  pipes  is  the  loss 
of  elective  pressure  at  the  nozzle  due  to  friction,  owing  to  the  use  of 
pipes  of  too  small  diameter.     The  friction  of  water  in  pipes  increases 
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US  tho  sijuan'  of  the  velocity  and  also  depends  on  the  condition  of  the 
pipes.     Kven  the  rivet  heads  in  a  pipe  line  cause  friction  and  conse 
qiient  h)ss  of  head.     As  Mr.  (ieorjife  II.  Evans"  points  out,  it  makes 
no  ditference  whether  the  water  is  flowinj^  up  hill  or  down,  or  the 
j)ressure  ^reat  or  small,  the  total  friction  will  })e  materially  the  same. 


-rz;:a 


Fk;.  2(». — IMpt'  wTcuch  for  .Mettiii^  uiiti  uiisettiiiK  hyiiraulic;  pipe. 

In  wooden  pipes  the  friction  is  nearly  double  that  in  iron  or  steel 
pipes.  Cox^s  formula  for  finding  the  friction  head,  which  must  be 
subtmcted  from  the  actual  head  to  give  the  effective  head,  is  as 
follows: 

II  =friction  head  in  foet. 
f/=diameter  of  pipe  in  inches. 
L  =  length  of  pipe  in  fi^t. 
V= velocity  of  water  in  feet  per  second. 


Kio  27— Mt»th(Kl  of  bracing  hydraulic  pipt*  on  steep  aUtitv. 

The  loss  in  head  of  a  pipe  line  12  inches  in  diameter,  discharging 
400  miner's  inches,  and  5,000  feet  in  length,  is  computed  by  Mr.  Evans 
to  l)e  240.44  feet.  Or,  if  the  actual  head  is  500  feet,  the  effective  head 
is  reduced  to  253.5f>  feet,  or  an  original  pressure  of  217  pounds  per 
square  inch  to  110  pounds.     To  find  the  velocity  in  feet  per  minute  in 

"rrmtical  N<>t«'«  au  }(y<1rai)li(>  MiiiinK.  San  Fmmiwo,  IWH,  p.  25. 
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a  pipe,  multiply  the  number  of  cubic  feet  of  water  discharged  per 
minute  }>y  144,  and  divide  the  product  by  the  area  of  the  pipe  in 
square  inche-s.     The  velocity  in  feet  per  necond  can  then  be  found. 

Experiments  by  Mr.  Hamilton  Smith ^  appear  to  demonstrate  that 
with  new  and  carefully  coated  pipes,  with  velocity  as  high  as  11  feet 
per  second,  the  loss  of  head  is  not  significant.  Nevertheless,  the 
numerous  conditions  which  enter  into  the  laying  of  pipe  lines  on  placer 
mines  render  the  rule  that  the  velocity  should  not  exceed  3  feet  per 
second  in  the  pipe  a  very  safe  one  to  follow.  It  is  a  common  fallacy 
among  men  inexperienced  in  hydraulicking  that  an  increase  in  head 
will  increase  the  amount  of  gravel  which  c>an  be  moved  to  the  sluice. 
It  must  be  remembered  that  the  force  of  the  water  imparted  by  head 
is  entirely  expended  in  piping  against  the  face,  while  the  sluice  is  the 
governing  factor  in  the  moving  of  gravel  after  it  leaves  the  face.  The 
aid  given  by  the  water  in  moving  gravel  to  the  sluice,  and  in  it  is 
dependent  on  the  grade  over  which  it  runs.  In  small  hydraulic  oper- 
ations water  is  conducted  to  the  pit  from  the  head  ditch  or  penstock 
by  means  of  canvas  hose,  known  as  flume  hose,  which  is  from  6  to  14 
inches  in  diameter  and  weighs  from  8  to  15  ounces  per  foot.  This  is 
used  mainly  on  account  of  its  cheapness  and,  as  a  less  important  con- 
sideration, because  of  the  ease  with  which  it  ma}^  be  moved  about. 
It  is  used  also  for  conveying  water  with  very  low  head,  for  sluicing 
purposes. 

Flume  hose  is  at  best  a  makeshift  and  its  use  is  not  recommended, 
except  in  operations  of  primitive  character  in  very  remote  districts. 
It  should  never  be  used  to  handle  more  than  100  inches  of  water  or 
for  a  head  greater  than  50  feet. 

GIANTS  AND  NOZZLES. 
SIZES   AND   PRICES. 

The  practice  in  using  hvdniulic  discharge  pipes,  known  as  monitors, 
giants,  and  nozzles,  does  not  differ  in  Alaska  from  that  pursued  else- 
where. 

Table  10  gives  the  principal  fa<»ts  necessary  for  the  miner  to  know 
about  hydmulic  giants  of  the  size  most  applicable  for  Alaskan  work. 

aSmitli,  Hamilton,  Hydraulics,  1886,  p.  314. 


Digitized  by  VjOOQLC 


Pl'RINOTON.] 


hydbahlio  mining. 


135 


Table  10. —  Water  refjuired^  effective  work,  trizes,  tH}lurn€s^  and  heads  of  wniery  trclfjhtji  and 
j/rices  of  douhle-jainted  hijdraxiJic  gianta, 

[Prices  include  two  nozzles  to  each  machine  and  are  subject  to  diwount.J 
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About  70  giants  of  several  different  makes  were  in  operation  in  the 
territory  visited  during  the  summer,  of  which  58  per  cent  were  of 
•size  No.  2,  using  commonly  a  3-inch  nozzle.  In  the  Juneau  and  Atlin 
districts  size  No.  4,  using  4-  and  6-inch  nozzle,  is  used  as  a  rule,  while 
in  the  interior  and  Seward  Peniasula  the  sizes  0,  1,  and  2,  using  from 
2-  to  4-inch  nozzle,  are  preferable.  The  double-jointed,  bjill-boaring 
giant  is  the  favorite  type.     Deflectors  are  not  commonly  us(»d  with 
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sizes  below  No.  2,  while  in  working  on  the  Klondike  benches  the  prac- 
tice is  in  favor  of  butt  ends  even  with  larger  giants. 

The  giants  used  in  Alaska  are  almost  exclusively  of  California  man- 
ufacture, although  in  the  Atlin  and  Klondike  districts  some  of  Cana- 
dian make  are  used.  The  importance  of  using  water  as  free  as 
possible  from  solid  matter  in  suspension  should  be  considered  and 
great  care  should  be  taken  to  trap  all  foreign  material  at  the  pressure 
l)ox.  The  rifling  in  the  barrel  of  the  monitor  and  the  boring  of  the 
nozzle  are  also  of  the  first  importance,  and  operators  will  find  it 
expensive  to  use  other  than  standard  and  well-tried  makes  of  giants. 
A  method  of  bracing  giant  is  shown  in  fig.  28.  In  soft  schist  bed  rock, 
however,  it  is  frequently  necessary  to  brace  with  deadman  and  cable. 


bed    rock 

Fio.  28.— Method  of  bracing  giant. 

METHODS   OF   PIPING   TO   SLUICE. 

It  has  been  found  that  some  operators  in  the  north  are  in  favor  of 
setting  the  giant  on  the  top  of  the  bank  and  piping  downstream.  This 
is  the  practice  on  McKee  Creek,  Atlin  district,  and  in  the  Nome  and 
Council  districts.  Although  the  duty  attained  by  the  miner's  inch 
does  not  prove  this  to  be  advantageous,  it  should  be  remembered  that 
the  height  of  bank  to  be  operated  on  is  generally  small — from  15  to  50 
feet.  There  is  little  caving  to  be  done  with  the  pipe,  and  except  in 
the  case  of  the  rounded  gravels  of  the  Klondike  ''  White  Channel,"  it 
is  thought  that  the  water  under  pressure  assists  in  moving  the  material 
to  the  sluice.  Experience  does  not  indicate  that  the  attempt  to  drive 
the  gravel  with  the  nozzle  is  very  effective. 

The  various  precautions  concerning  keeping  the  gravel  bank  square, 
the  prevention  of  dangerous  caves,  and  the  necessity  of  continuous 
work  during  the  short  season  are  well  known  to  the  hydraulic  miner 
in  any  country.  In  working  the  shallow  gravel  banks  of  Alaska  it 
should  be  borne  in  mind  that  the  giants  must  be  frequentl}^  moved 
and  the  tail  sluice  extended.  These  operations  consume  time,  and  the 
most  expeditious  system  possible  for  performing  them  should  l)e, 
adopted  at  the  commencement  of  the  short  season. 

Fig.  29  shows  the  method  of  rigging  up  a  hydraulic  mine  on  one 
of  the  narrow  benches  of  White  Channel  gravel  l)ordering  Bonanza 
Creek  in  the  Klondike,  and  PI.  XXIII,  /A  shows  a  ])ortion  of  the 
ground  which  has  been  worked  as  indicated  in  the  sketch. 
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In  piping  against  a  40-foot  bank  of  frozen  gravel,  as  here  illustrated, 
it  has  been  found  good  ])ractice  to  use  the  giant  against  a  certain  part 
of  the  bank  from  two  to  six  hours  a  day,  and  allowing  the  gravel  to 
thaw  the  remainder  of  the  twenty-four  hours.  Piping  eontinuously 
against  a  frozen  bank  is  a  waste  of  water  and  power.  (See  PL  XXIV, 
B,)  The  use  of  powder  is  of  no  avail.  Even  if  the  gravel  is  broken 
off  and  moved  to  the  sluice  in  frozen  chunks  it  can  not  be  washed  nor 
can  the  gold  be  extracted  from  it.  A  combination  of  water  under 
pressure  and  of  the  action  of  the  sun,  rightly  adjusted,  is  most  effective 
in  thawing  frozen  gravel.  Mr.  J.  P.  Ilutchins  says  that  for  200  to  250 
miner's  inches  of  water  a  face  covering  50,000  square  feet  should  be 
allowed  on  the  shady ^ide  of  hills,  while  a  much  less  surface  will 
suffice  on  a  sunny  slope. 


Tail    race 
Fio.  29.— Method  of  hydraulicking  frozen  gravel,  Klondike  benchei*. 

It  will  be  noticed  that  in  the  Klondike  operations  here  figured  deep 
trencher  or  *•' ground  sluices"  are  cut  in  the  bed  rock  leading  from  the 
face,  to  the  head  of  the  tail  sluice.  The  cutting  and  constant  extension 
of  such  trenches  is  a  necessity  in  almost  any  hydraulic  operation,  to  a 
greater  or  less  extent,  and  forms  a  considerable  item  of  expense.  At 
the  time  here  tigured  fotir  men  in  twenty-four  hours  were  employed 
all  the  time  in  blasting  out  the  lied-rock  cuts,  the  expense  amounting 
to  not  less  than  $50  a  day.  In  some  cases  the  bench  miners  have 
sunk  a  shaft  at  a  central  part  of  the  ground  and  run  a  long  tunnel  on 
the  grade  of  the  sluice,  to  which  all  the  gravel  is  moved.  Although 
such  tunnels  carrying  the  tail  sluice  will  be  from  200  to  500  feet  in 
length,  and  will  cost  from  $3,000  to  $10,000,  they  will  generally  be 
found  less  expensive  than  the  constant  cutting  of  trenches  to  connect 
with  the  main  sluice  carried  as  shown  in  the  plant. 

BANK-HEAD    WATEK. 

In  no  case  seen  in  the  North  has  the  amount  of  bank-head  water  been 
exce.ssive.  This  is  a  useful  a<*cessorv  to  the  mining  operations,  and 
where  it  is  available  should  be  used.  The  width  of  tail  sluices  should 
l>e  great  enough  to  allow  for  excess  water,  as  at  times  of  local  rains 
such  water  can  fre(|uently  be  obtained  and  a  larger  amount  of  gmvel 
thereby  assisted  in  reaching  the  sluice. 
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PL  XV,  B  (p.  92),  shows  hydraulic  operations  in  Silver  Bow  basin, 
Alaska,  and  illustrates  the  use  of  the  bank-head  water. 

DUTY   OF   A    miner's   INCH. 

This  term  is  applied  to  the  quantit}'  of  material  moved  by  1  inch  of 
water  in  twenty-four  hours.  It  depends  on  quantity  of  water,  char- 
acter of  material  washed,  height  of  bank,  size  and  grade  of  sluice,  and 
kind  of  riffle.  In  many  mines  the  gravel  may  l)e  easily  broken  down 
and  cjirried  to  the  sluice,  but  may  be  very  hard  to  move  through  the 
sluice  on  account  of  a  light  grade,  disproportionate  width  of  box,  or 
the  use  of  obstructive  riffles.  Thus,  according  to  Bowie,  in  the  North 
Bloomfield  niine  the  duty  varied  from  3.86  t#  4.8  cubic  yards,  with 
100  to  265  feet  of  bank,  sluice  6  feet  wide  by  32  inches  deep,  grade 
6i  inches  in  12  feet.  At  La  Grange  mines,  on  the  other  hand,  the  duty 
was  from  1.08  to  1.82  cubic  yards^^height  of  bank  50  to  80  feet,  sluice  4 
feet  wide,  30  inches  deep,  and  grade  3  inches  in  12  feet.  In  both  cases 
the  riffle  pavement  was  principally  blocks. 

Table  11  (p.  139)  is  instructive  as  showing  the  variation  in  duty  of 
the  miner's  inch  under  the  different  governing  conditions  in  the  North. 
The  duty  of  the  miner's  inch  in  the  Klondike  is  large,  estimated  at  8 
cubic  yards  in  twenty-four  hours  in  the  opemtion  described  on  page 
137,  with  water  under  130-foot  head  and  a  grade  of  12  inches  to  12  feet 
in  the  sluice  boxes,  a  variable  amount  of  bank-head  water  from  25  to 
100  miner's  inches  being  used.  The  high  duty  is  accounted  for  by  the 
fact  that  the  material  washed  is  well  rounded,  by  the  absence  of  large 
stones,  heavy  grades  to  sluices,  and  the  fact  that  block  riffles  are  gen- 
erally employed. 

The  low  duties  at  Nome  are  accounted  for  principally  by  the  fact 
that  one-half  to  two-thirds  of  the  water  is  generally  diverted  for  use 
in  the  hydraulic  tailings  lifts,  and  partly  by  the  fact  that  the  gravel  is 
flat  and  rough.  Iron  riffles  are  generally  used,  but  this  factor  plays 
little  part  on  account  of  the  short  sluices  in  use. 
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The  duty  f(iven  above  is  based  entirely  on  statements  made  by  the 
operators,  and  owing  to  the  short  amount  of  running  time  which  has 
furnbbed  the  data,  no  particular  case  can  be  considered  of  high 
authority.  It  will  be  seen,  however,  that  the  diflferent  operations  in 
each  separate  province  present  a  certain  amount  of  agreement. 

In  stripping  operations  where  the  "frozen  muck"  is  removed  by 
water,  ground  sluicing  appears  to  l>e  nearly  as  eflScient  as  the  use  of 
watc*r  through  the  nozzle,  both  in  the  interior  and  Seward  Penin- 
sula. This  peculiar  material,  from  50  to  75  per  cent  ice,  is  easily 
thawed  when  exposed  to  the  atmosphere  and  to  flowing  water.  It 
appears  rather  to  be  melted  than  cut  away,  therefore  the  impact  of  a 
hydraulic  stream  adds  little  to  the  eflSciency  of  a  given  quantity  of 
water. 

It  is  stated  by  the  Klondike  operators  that  were  the  "White 
Channel"  gravels  unfrozen  the  duty  of  the  inch  would  be  twice  as 
lai'ge.  This  is  not  impossible,  as  the  bench  gravel  presents  most 
favorable  characteristics  for  easy  handling.  In  its  frozen  state,  how- 
ever, the  bank  has  the  consistency  of  fresh  granite. 

In  Seward  Peninsula  the  instances  tabulated  are  mostly  those  where 
hydraulic  lifts  are  employed.  The  duty  has  been  given  in  terms 
of  the  total  amount  of  water  used,  including  bank  head,  monitor,  and 
elevator  water.  In  the  cases  where  elevators  are  used  the  grade  and 
dimeuvsions  refer  to  the  bed-rock  sluice  leading  to  the  throat,  and  do 
not  refer  to  the  tail  sluice. 

HANDLING  OF  BOWLDERS. 

The  handling  of  large  bowlders  in  northern  hydraulic  operations 
does  not  present  serious  problems.  Where  hydraulicking  is  possible 
it  is  generally  found  that  all  the  material  is  small  enough  to  go 
through  the  sluice.  In  the  districts  visited  during  the  season's  work 
the  Atlin  district,  of  northern  British  Columbia,  was  characterized  by 
gravels  containing  large  bowlders,  which  had  to  be  derricked  out  or 
sledged  in  the  pit.  The  practice  of  ''bulldozing"  or  ''plastering" 
Ixjwlders  to  break  them,  by  placing  sticks  of  powder  on  top,  covered 
with  a  mud  cap,  is  not  to  be  recommended  on  account  of  the  expense 
of  powder.  Sledging  into  pieces  small  enough  to  be  sent  to  the  sluice 
will  genemlly  be  found  the  cheapest  methcxl,  especially  as  bowlders 
consisting  of  hard  and  tough  rocks  are  not  fre(|uently  encountered. 

Mr.  J.  D.  Hauer.  in  a  recent  article,^  states  that  in  general  contract 
work  under  given  conditions  the  cost  of  sledging  sandstone  bowlders 
varied  from  1  to  9  cents  per  cubic  yard;  "  mud  capping"  or  "bulldoz- 
ing" costs  from  18  cents  to  as  much  as  51  cents;  "blocking,"  or 
breaking  by  drilling  and  blasting,  costs  from  11  to  18  cents;  while  the 
method  of  pla4*ing  the  powder  charge  under  the  }>owlders  costs  from 

a  Engineering  NewH,  quoted  in  Mining  and  Scientific  Press,  Feb.  9,  1905. 
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15  to  i7i  ceuts  per  cubic  yard.  He  recommends  the  method  last 
mentioned  as  against  bulldozing,  or  placing  charge  on  top,  as  powder 
is  saved  and  there  is  the  additional  advantage  that  much  of  the  rock 
is  thrown  out  of  the  cut. 

The  practice  of  installing  large  and  expensive  derricks  as  an  adjunct 
to  hydraulic  mining  is  not  generally  recommended  for  Alaskan  work. 

SLUICES   AND   GOLD-SAVING   APPLIANCES   IN   HYDRAULIC 

OPERATIONS. 

In  the  South  Coast  region  the  plant  of  the  American  Gold  Mining 
Company  in  Silver  Bow  basin  is  characteristic.  This  sluice,  while  not 
in  use  during  the  season  of  1904,  has  been  operated  since  1901,  and  is 
typical  of  the  most  favorable  conditions  under  which  hydraulic  tail 
sluices  can  be  constructed  in  southeast  Alaska. 

A  9-  by  10-foot  tunnel,  3,300  feet  in  length,  was  driven  through  a 
spur  of  the  mountain  from  the  bank  of  Gold  Creek  to  tap  the  gravel 
pit  at  the  proper  depth  for  reaching  the  lowest  sag  in  the  bed  rock. 
The  grade  of  the  tunnel,  like  that  of  i(>i  contained  sluice,  is  4  inches 
to  12  feet.  It  was  driven  with  air  at  the  rate  of  8  feet  a  day  in  slate, 
at  a  cost  of  $20  per  foot.  No  timbering  is  used,  with  the  exception 
of  a  few  sets  near  the  ends. 

The  sluice  running  through  the  tunnel  is  4  feet  wide  and  4  feet  10 
inches  deep,  inside  measure,  of  2-inch  native  lumber,  lined  with  1-inch 
"sand"  or  lining  boards,  all  lumber  planed  and  sized.  The  sills  are 
laid  on  bed  rock,  and  are  6  inches  square  and  5  feet  long,  the  posts 
being  also  of  the  same  size.  Posts  and  sills  are  braced  by  1  by  8  inch 
pieces.  The  sluice  is  3,700  feet  long  from  the  tunnel  entrance  and 
extends  for  900  feet  up  the  bed  of  the  pit  through  the  wbrked-out 
ground.  Bowlders  as  large  as  10  inches  in  diameter  are  handled  in 
this  sluice  without  difficulty.  The  amount  of  water  used  varies 
according  to  the  season,  but  averages  2,500  inches.  Riffles  are  12-  by 
12-  by  12-inch  spruce  blocks  set  on  end,  separated  by  1|-  by  2-inch 
strips,  set  on  edge  and  nailed  with  headless  nails.  The  duty  of  a 
miner's  inch  of  water  is  2  cubic  yards  per  twenty-four  hours.  The 
amount  of  lumber  necessary  for  constructing  one  box  of  a  sluice,  such 
as  the  above,  approximately  1,100  foot,  is  probably  excessive  for  the 
needs  of  the  case.  Local  conditions  in  the  North  frequently  result 
in  increased  expenditure  for  the  sake  of  hastening  work.  About  25 
pounds  of  nails  were  consumed  to  each  box,  and  $10  worth  of  labor. 
The  cost  will  not  fall  greatly  below  $30  per  box  of  12  feet,  exclusive 
of  cost  of  tunneling  and  shooting  out  the  bod  rock  to  grade  in  carry- 
ing up  the  }>oxos  through  the  pit.  The  animal  cost  of  maintenance, 
including  renewal  of  riffle  blocks,  which  last  two  years,  and  renewal 
of  lining  boards,  is  approximately  $1,000  a  year. 
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In  the  saving  of  the  gold,  which  is  fine  and  rough,  28  flasks  of  quick- 
silver are  distributed  in  the  boxes.  One  flask  of  quicksilver  is  con- 
sumed per  month. 

Six  undercurrents  are  placed  near  the  end  of  the  sluice,  within  a 
length  of  from  300  to  500  feet  of  the  end.  They  are  transversely 
arranged,  24  by  14  feet  in  dimensions,  and  on  a  grade  of  10  inches 
to  12  feet.  They  are  furnished  with  Hungarian  riflBies — wooden  strips 
w'ith  flat  stmp  iron  nailed  to  the  top. 

The  first  600  feet  of  the  nrr— uTN^-nH 

sluice  are  cleaned  up  month-     fl  I      H       il      I 

ly,  and  in  this  length  75  per 
cent  of  the  gold  is  said  to  be 
saved.  The  remainder  of 
the  sluice  is  cleaned  up  once 
a  year.  The  experience  with 
the  undercurrents  was  not 
satisfactory,  as  very  little 
gold  was  caught  in  them. 

It  should  be  especially 
noted  that  in  the  South 
Coast  province  the  placer 
gold  is  of  recent  origin,  is 
not  removed  more  than  a 
mile  from  its  original  source, 
is  low  in  fineness  (in  the 
present  case  $16.50),  and  is 
bright  and  rough.  How- 
ever finely  divided,  such  gold 
is  easy  to  save,  and  the  ad- 
vantage of  undercurrents 
may  be  questioned.  In  the 
interior  of  Alaska  the  case 
is  different,  as  will  be  seen. 

In  the  Atlin  district  of 
British  Columbia  the  grades 
attainable  in  the  tail  sluices 
are  generally  low,  from  3  to 
5  inches  to  the  box  length  of  12  feet.  McKee  Creek  forms  an  excep- 
tion to  this  rule,  the  grade  being  8  inches  in  the  sluices  of  both  the 
plants  now  operating  there.  The  pmctice  of  the  Amalgamated  McKee 
Creek  Mining  Company  on  this  creek  is  as  follows: 

The  sluices,  of  which  there  are  two,  are  600  and  7(K)  feet  long.  The 
grade  is  8  inches  to  12  feet,  and  the  inside  dimensions  of  the  sluice, 
exclusive  of  lining  boards,  are  29  inches  wide  by  38^  inches  deep,  as 
illustrated  in  fig.  30. 


-H-JUJU 


Soction  along  thallnc  Y-Y 
Scale  ,  ^ 

Fig.  30.— sluice  box  used  on  McKee  (reek,  Atlin,  British 
Columbia. 
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The  amount  of  luinl>er  in  a  sluice  box  like  that  figured  is  as  follows: 

8  pofita,  4  by  4  inches  by  3 J  feet. 
4  sills,  4  by  6  inches  by  6  feet. 
16  braces,  Ij  by  4  inches  by  1  f<^K)t. 
1  t^ip  rail,  li  by  8  inches  by  12  feet. 
16  post  straps,  1 J  by  2  by  4  inches. 

3  bottom  l)oard8,  IJ  by  8  inches  by  12  feet. 

1  bottom  board,  IJ  by  4  inches  by  12  feet. 

4  side  boards,  1  by  8  inches  by  12  feet. 
6  side  boards,  li  by  8  inches  V)y  12  feet. 

2  lining  boards,  1 J  by  8  inches  by  12  feet. 
48  riffle  blocks,  8  by  8  by  12  inches. 

16  riflSe  strips,  1  by  3  by  28  inches. 

Each  box,  with  riffle  blocks,  contains  approximately  540  feet  of 
lumber. 

The  use  of  8-inch  lumber  is  a  necessity  if  native  timber  is  used, 
r2-inch  lumber  l>eing  very  scarce  and  the  expense  of  emplo^dug  it 
prohibitive.  The  cost  of  each  box,  including  i-iffles,  averages  $25, 
sluice  lumber  being  $45  per  thousand  and  the  riffle  blocks  costing  $<> 
per  box  length.  The  setting  of  the  riffle  blocks  with  alternate  spac- 
ing, as  represented,  is  said  to  be  advantageous,  causing  a  cross  circu- 
lation and  consequent  stirring  action.  The  riffles  are  nailed  in  sets 
of  three  to  a  riffle  strip  outside  the  Hume,  and  are  piled  up  ready  to  l)e 
put  in  position  as  occasion  demands.  Pole  riffles,  12  feet  in  length,  much* 
of  3-  by  3-inch  strips,  set  with  a  right-angle  uppermost  and  shod  with 
angle  iron,  are  used  in  a  portion  of  the  boxes.  A  space  is  left  l>etween 
the  lowest  angle  and  the  bottom  of  the  box,  the  long  strips  being  set 
with  a  gain  into  cross  strips,  0  feet  apart.  The  blocks  are  l)eing  grad- 
ually replaced  by  this  type  of  pole  riffle.  The  gold  is  coarse,  and  it 
is  said  that  undercurrents  would  be  of  no  advantage.  In  the  first  box 
85  per  cent  of  the  gold  is  caught.  In  the  first  five  boxes  all  the 
gold  is  caught  which  pays  to  clean  up.  In  one  clean-up  $25,000  was 
caught  in  the  first  box,  as  against  $1,900  in  the  remainder  of  the  700- 
foot  sluice.  The  clean-up  of  the  upper  two  boxes  takes  place  once  in 
two  weeks.  In  this  sluice  the  miner's  inch  is  said  to  have  a  duty  of  4 
yards.  A  new  box  is  put  on  the  end  of  the  tail  sluice  every  two 
days.  When  the  end  of  the  sluice  is  spread  into  Y\s,  a  hinged  gate, 
with  steel  plates  on  both  sides,  is  used  for  diverting  the  water  and 
tailings  into  one  or  the  other  branches. 

Experience  on  McKee  Creek  appears  to  show  that  the  gold  is  saved 
in  a  comparatively  short  distance.  Yet  gravel  miners  in  California 
maintain,  and  with  apparent  reason,  that  the  longer  the  sluice  the 
more  gold  will  be  saved.  For  example,  at  the  Hidden  Treasure  drift 
mine,  in  Eldorado  County,  Cal.,  it  was  stated  to  the  writer  that  the 
2,500  feet  of  sluice  boxes,  19  by  21  inches  in  the  clear,  with  iron  car 
wheel  and  rack  riffles,  and  an  undercurrent  attached,  w  ere  insufiicient 
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to  save  the  gi^ld.     The  sluice  has  a  grade  of  14  inches  to  12  feet,  and 
90  pounds  of  quicksilver  were  used  in  charging  the  sluice. 

The  percentage  of  gold  in  the  upper  120  feet  of  the  sluice  was  as 
follows: 

Per  cent. 

In  upper  1  foot 75. 0 

In  iipi)er  10  feet 8. 4 

In  next  50  feet 9.6 

In  next  60  feet 2.0 

This  portion  of  the  sluice  was  cleaned  up  monthly,  and  was  fur- 
nished with  old  car  wheels,  regarded  as  the  best  riffle,  and  with  iron 
Hungarian  riffles. 

The  upper  1,000  feet  of  the  sluice  was  cleaned  up  once  in  three 
months,  and  the  whole  sluice  and  undercurrents  annually.  Five  per 
cent  of  the  total  product  was  obtained  from  the  lower  2,380  feet  paved 
with  quartz  stones,  and  it  is  estimated  that  an  amount  equal  to  2  per 
cent  of  the  total  product  escaped  into  the  canyon  below.  It  was  stated 
that  one-half  mile  of  this  canyon  was  leased  to  the  Chinese  for  $5,000 
per  annum,  who  cleaned  up  at  a  profit  the  gold  which  had  escaped. 
The  undercurrent  was  not  regarded  as  of  great  value,  except  for  the 
saving  of  excessively  tine  gold  and  free  quicksilver  and  gold  with 
(]uartz  attached. 

Mr.  W.  M.  Johnson  informed  the  writer  that  in  Nevada  County, 
Cal.,  in  the  case  of  a  sluice  H  miles  in  length,  the  first  tive  out  of  a 
total  of  seven  undercurrents  proved  an  economic  success,  the  last  two 
hardly  paying  to  clean  up.  It  was  found  best  to  clean  the  five  under- 
currents at  intervals  of  two  weeks. 

The  experience  on  Pine  Creek,  Atlin,  in  the  matter  of  saving  gold 
is  not  so  satisfactory  as  on  McKee  Creek,  according  to  operators' 
statements.  PI.  XXIII,  A  (p.  132)  shows  one  of  the  120-foot  sluices  of 
the  Pine  Creek  Power  Company.  It  is  5  feet  by  40  inches,  has  a  grade 
of  5  inches  in  12  feet,  and  is  paved  with  block  riffles.  The  under- 
current, 14  by  24  feet,  on  a  10-inch  gi*ade,  was  one  of  the  few  instal- 
lations of  the  kind  seen  in  the  northwest.  It  was  understood  to  be 
but  the  beginning  of  experiments  aiming  to  save  the  tine  gold  that 
escaped  with  an  excessive  amount  of  black  sand.  The  amount  of  gold 
recovered  is  43  cents  per  cubic  yard,  as  stated,  and  the  opinion  was 
expressed  that  a  large  percentage  of  fine  gold  escapes.  The  under- 
current itself  had  not  been  installed  a  sufficiently  long  time  to 
determine  its  efficiency. 

The  Atlin  gold  is  derived  from  older  gravels  through  which  the 
present  streams  cut.  The  gold  is  for  the  most  part  coarse,  but  is  well 
rounded.  That  a  certain  percentage  of  it  is  tine,  specimens  collex^tcd 
show.  It  is  very  probable  that  an  undue  proportion  of  such  bench 
gold  will  escape  f  ro?ii  a  sluice  of  the  short  dimensions  figured. 
Bull.  26:^—05 1(. 
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Drop-offs  are  not  used  in  any  of  the  sluices  seen  in  Alaska  or  the 
North,  (irade  is  lacking,  it  is  true,  yet  in  the  case  above  mentioned 
there  was  a  space  of  25  feet  vertically  between  the  end  of  the  sluice 
and  the  creek  bed  which  served  as  the  floor  of  the  dump.  One  or  two 
drops  of  6  inches  in  the  short  sluice  would  seem  entirely  practicable, 
and  would  certainly  be  advisable.  Cemented  gravel  does  not  occur 
genei-ally  at  Atlin,  but  layers  of  clay  are  found  in  the  pay  streak. 
Such  clay  can  not  be  properly  disintegrated  in  a  short  sluice,  but  will 
roll  in  balls  through  the  entire  string  of  boxes,  carrying  with  it  not 
only  the  gold  inclosed  in  its  mass,  but  picking  up  gold  already  lying 
at  rest. 

A  useful  device  to  tighten  the  bottom  boards  of  sluice  boxes 
before  nailing  is  shown  in  fig.  31.  It  is  claimed  that  no  tongue  and 
groove  are  necessary  with  this  appliance. 

In  the  Atlin  district  the  mining  operations  are  hindered  by  heavy 
floods  in  the  early  part  of  June.  At  the  property  of  the  Soci^te 
Miniere  on  Bowlder  Creek,  it  is  the  practice  to  cover  the  sluice  with 


Pig.  31.— Side-lxjard  tightener  used  in  making  sluice  boxes,  Atlin,  British  Columbia. 

a  series  of  small  protective  dams,  so  that  the  debris, brought  down 
by  the  annual  flood  may  not  injure  the  boxes.  This  debris  is  after- 
wards piped  off,  at  the  cessation  of  the  high  water,  and  the  dams 
are  then  removed. 

The  following  details  of  this  plant  were  kindly  furnished  b^^ 
M.  Henri  Maluin,  of  the  Socidt^  Miniere  de  la  Colombie  Britanniquc, 
and  will  be  of  interest: 

The  property  on  Bowlder  Creek  operated  by  the  Soci^t^  Miniere  de  la  Colombie 
Britanni(iue  is  situated  in  the  Atlin  mining  division  of  the  Cassiar  district,  Britisli 
Columbia,  12  miles  from  the  town  of  Atlin,  on  Atlin  Lake.  Operations  were  started 
in  June,  1901,  and  the  proi>erty  has  been  worked  continuously  during  the  open 
Hcason  up  to  the  pn^simt  time.  The  product  of  gold  has  In-en  3,440  ounces,  worth 
$10.83  per  ounre.  The  gold  is  rather  coarse,  and  nuggets  uj)  to  10  otmces  in  weight 
are  found.  Work  is  carried  on  l>oth  in  the  i>resent  lx»d  of  Bowhler  Creek  and  on 
iH'nches  lying  at  approximately  the  same  level  as  the  creek  IhhI.  The  gold-bearing 
channel  is  about  150  feet  wide,  the  grade  of  the  creek  l)ed  varying  from  6  per  cent 
to  as  high  as  10  in  the  upi>er  end.  Where  work  is  now  carried  on  it  is  6.1  per  cent. 
The  depth  of  ground  averages  from  25  to  60  feet,  of  which  the  lower  6  feet  is  consid- 
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ered  the  pay.  The  bed  rock  is  a  soft  slate  <>f  greenstone  variety,  although  granite 
oi'curs  at  the  head  of  the  creek.  The  gravel  to  be  niovetl  is  rather  heavy  in  charac- 
ter, stones  from  18  to  '^0  inches  in  diameter  conii)08ing  50  per  cent  of  the  mass, 
though  the  usual  diameter  of  the  stones  approxiuiates  6  inches. 

In  the  season  of  1904,  a  season  being  reckoned  at  100  days,  with  400  miner's  inches 
of  water  available,  40,000  cubic  yards  of  gravel  were  moved,  at  a  cost  not  far  from 
50  cents  per  cubic  yard.  It  is  expected  that  mining  will  be  done  in  the  future  for 
40  cents  per  cubic  yard,  including  all  expenses.  Mr.  Maluin  states  that  35  cent« 
would  be  a  low  estimate  for  the  Atlin  district,  in  general,  for  hydraulic  work  under 
the  conditions  obtaining  on  Bowlder  Creek.  Dirt  is  occasionally  moved  for  10  centi* 
a  cubic  yard,  and  again'  patches  of  hard  gravel  are  entx>untere<l  which  cost  over  a 
dollar. 

An  average  of  25  men  are  employed  during  the  summer  season  at  wages  of  $3  per 
day  of  ten  hours,  and  board.  The  season  is  open  from  June  1  to  September  15. 
Spruce  and  pine  are  obtainable  on  the  property,  though  it  is  difficult  to  obtain  boards 
wnder  than  8  inches.     Sawe<l  flume  luml)er  costs  $40  per  thousand. 

The  water  for  hydraulicking  purposes  is  brought  t*>  the  claim  from  higher  up  in 
Bowlder  Creek  by  a  flume  3,000  feet  in  length,  size  24  by  24  inches,  having  a  grade 
of  1  inch  in  12  feet.  It  has  an  estimated  cajmcity  of  about  700  miner's  inches,  but 
actually  400  inches  is  generally  available  at  150-foot  head.  The  pipe  line  is  16-inch 
steel  to  the  Y,  then  14-inch  to  the  two  giants.  Vancouver  pipe  is  used,  but  the  giants 
are  California  make.  The  average  height  of  bank  is  50  feet,  and  the  giants  have  no 
difficulty  in  cleaning  bed  rock. 

The  sluice  is  1,400  feet  in  length  and  cost  $6,000.  It  is  24  inches  wide  on  a  grade 
of  4  per  cent,  corresponding  very  nearly  to  6  inches  to  the  12  feet.  Bottom  boards 
are  li  inches  thick,  sides  IJ  inches  thick,  while  sills  and  posts  are  4  by  6  inchest. 
It  is  possible  to  keep  a  drop  below  the  end  box  of  35  feet  for  dump.  In  piping, 
the  head  box  is  kept  within  30  feet  of  the  bank,  and  four  men  for  one-half  day  are 
needed  to  place  a  new  box  at  the  head.  Block  riffles  are  useil  at  the  head  of  the 
sluice  follow^ed  by  rails.  Very  little  quicksilver  is  necessary,  and  it  is  found  that  no 
gold  is  recovered  beyond  250  feet  of  lx)xe8.  Undercurrents  are  not  use<i.  Bowlders 
are  removed  from  the  pit  by  fiat  hand  cars  running  on  a  steel  track.  If  too  large  for 
this,  which  is  seldom  the  case,  they  are  plastere<l  and  shot  with  75  per  cent  dyna- 
mite. The  company  is  now  in  good  shape  to  oi>erate  for  a  pericxi  of  years,  and  esti- 
mates that  the  cost  will  not  exceed  40  per  cent  of  the  product. 

The  company  leases  a  portion  of  its  ground  where  the  situation  is  not  advantageous 
for  hydraulicking,  and  this  is  drifted.  Although  the  drifting  operations  are  carried 
on  under  great  difficulties  and  require  dose  timl>ering,  the  work  is  said  to  have  l>een 
profitable. 

In  the  hydraulic  mining  of  the  "White  Channel''  heneh  gravels  of 
the  Klondike,  the  small  amount  of  vs^ater  available,  geneniUy  from  1(K) 
to  200  miner's  inches,  necessitates  steep  grades  to  the  sluices.  The 
gold  is  recovered  with  comparative  ease  because  the  bench  gravels, 
after  being  thawed,  are  easily  disintegrated  and  washed,  and  clay  is 
absent  from  the  pay  streaks.  The  sluice  shown  on  PI.  XXIV,  A,  is 
carried  in  a  cut  in  the  outer  rim  rock,  on  a  giade  of  12  inches  to  the 
box  length  of  12  feet.  Twelve  to  fonrtecn  })oxes  are  ordinarily  used. 
The  details  of  the  sluice  are  as  follows:  24  inch<»s  wide  by  2o  inches 
deep,  bottom  of  2-inch  and  sides  and  lining  of  ii-iiich  lumber;  posts 
and  sills  2  inches  square;  sills  set  in  bed  rock;  riffles  of  spruce  blocks 
5  inches  high  and  9  inches  square.     These  cost  25  cents  apiece  and  last 
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one  season.  Through  this  sluice  1,000  cubic  yards  are.  washed  in 
twenty-four  hours  with  250  miner's  inches  of  water.  It  is  stated  that 
90  per  cent  of  the  gold  is  saved  in  the  upper  6  boxes,  only  1  per  cent 
of  the  total  gold  being  lost.  The  gold  is  mostly  coarse  and  rough,  but 
very  fine  gold  is  found. 

In  the  case  of  another  operation  working  the  Bonanza  Creek  benche>; 
it  was  stated  that  gold  was  found  the  entire  length  of  a  2,000-foot 
bed-rock  sluice,  followed  by  500  feet  of  2-foot  wooden  sluice,  on  grade 
of  11  inches  to  the  box  length.  Block  riffles  were  used  in  the  wooden 
sluice.  A  small  nugget  was  picked  up  2,000  feet  from  the  head  of  the 
sluice.  Another  operator,  using  360  feet  of  20-inch  sluice  boxes,  on 
12-inch  grade,  with  iron-shod  pole  riffles,  said  that  2  per  cent  of  his 
gold  was  escaping,  and  he  was  of  the  opinion  that  the  installation  of  an 
undercurrent  would  pay. 

In  a  hydraulic  operation  usmg  500  feet  of  lK)xes,  2  feet  wide,  12- 
inch  grade,  with  block  riffles,  and  working  a  portion  of  the  ''White 
Channel"  gravels  where  the  gold  is  very  fine,  bright,  and  smooth,  it 
was  said  that  80  per  cent  was  caught  in  the  top  box,  85  per  cent  inside 
the  first  15  boxes,  and  that  none  was  found  in  the  two  end  boxes. 

In  a  bench  hydraulic  operation  on  Last  Chance  Creek,  Klondike,  a 
small  undercurrent  with  cocoa-matting  riffles  had  been  put  in  after  400 
feet  of  2-foot  sluices,  with  12-inch  grade,  using  block  riffles.  The 
undercurrent  had  given  very  satisfactory  results,  and  a  larger  one  was 
being  constructed  in  addition.^ 

The  above  data  indicate  that  where  hydraulicking  is  possible  in  the 
Klondike,  the  gold-saving  applianc^es  are  fairly  adequate  to  the  needs 
of  the  operations.  As  all  hydraulic  mining  in  that  region  is  limited  to 
ancient  channels  lying  at  an  elevation  of  200  feet  or  more  above  the 
present  streams,  water  is  exceedingly  scarce,  and  sluicing  methods 
must  be  adapted  to  this  condition.  These  methods  also  depend  on  the 
necessity  of  impounding  tailings  on  steep  hillsides  (see  PI.  XXV,  J?), 
the  high  cost  of  labor  ($7.50  a  day),  and  of  luml)er  ($80  per  thousand 
feet),  the  necessity  of  making  quick  and  frequent  clean-ups,  and  the 
different  economic  ratio  which  obtains  in  recovering  gold  from  small 
patches  of  rich  gravel  as  distinguished  from  large  bodies  of  low-grade 
gravel.  When  it  is  well  established,  therefore,  that  no  great  percent- 
age of  gold  is  escaping,  it  is  likely  that  the  extra  cost  of  installing 
and  maintaining  complicated  saving  appliances  would  overbalance  the 
increase  in  gold  recovered.  The  use  of  drops  in  the  sluices,  and 
lessening  of  grade,  might,  it  is  likely,  result  in  an  increased  saving, 
with  no  extra  expense  of  maintenance,  except  in  the  wear  of  riffles  at 
certain  points  in  the  sluices. 

aSee  Bowie,  A.  J.,  jr.:  A  Practical  Treatise  on  Hydraulic  Mining  In  California,  p.  231,  for  full 
description  of  undercurrents  and  the  method  of  leading  gravel  to  them  from  the  main  sluice. 
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In  hydraulic  elevator  practice  as  pursued  in  various  parts  of  Seward 
Peninsula,  Alaska,  short  sluices  are  in  use.  Here,  as  elsewhere,  a  sluice 
is  generally  set  in  bed  rock  on  a  gi*ade  of  10  inches  to  12  feet,  or  near 
this  grade.  On  Ophir  Creek,  in  the  Council  district,  Alaska,  the  prac- 
tice is  to  use  from  10  to  12  boxes  of  12  feet  length,  24  inches  wide  and 
10  inches  deep,  with  wooden  rail  or  pole  riffles,  shod  with  strap  iron. 
This  leads  to  the  elevator  sump,  10  feet  deep.  The  position  of  the 
elevator  with  reference  to  the  sluice  below  it  is  shown  in  PI.  XXV,  .1. 
The  tail  sluice  following  the  elevator  in  the  case  specified  is  28  feet 
higher  than  the  head,  sluice.  The  tail  sluice  consists  of  five  24-foot 
boxes,  4  feet  wide,  and  the  practice  is  to  give  the  first  box  either  no 
grade,  or  a  grade  not  exceeding  2  inches.  The  other  boxes  are  graded 
from  2  to  5  inches  successively,  a  5 -inch  grade  being  retained  for  all 
below  the  fifth  box,  if  more  are  added.  On  Ophir  Creek,  where  there 
are  six  elevator  plants  in  operation,  iron  riffles  are  generally  used  in 
the  discharge  sluice.  A  type  of  riffle  which  is  used  in  the  head  box 
is  made  of  railroad  iron,  cut  in  short  pieces  and  set  transversely  in 
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Fio.  32.— Rail  riffles  lued  in  Seward  Peninsala. 
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the  box,  forming  a  Hungarian  riffle.  Another  kind  in  much  favor 
throughout  Seward  Peninsula  is  composed  of  a  set  of  T  rails,  in  sets  of 
4  laid  lengthwise  (see  fig.  32).  These  are  made  with  a  locking  attach- 
ment, and  are  put  in  the  sluice  upside  down.  T  angle-iron  riffles, 
made  in  1-foot  square  castings,  laid  in  the  sluice  so  that  the  slots  set 
longitudinally,  and  with  the  flat  side  uppermost,  are  also  very  satis- 
factory and  durable,  and  on  account  of  their  lightness  facilitate  the 
clean-up. 

The  proportion  of  gold  caught  in  the  head  and  tail  sluices  varies 
according  to  the  practice.  At  Claim  No.  2,  below  Glacier  Creek,  the 
gmvel  is  run  through  250  feet  of  iron  boxes,  only  the  two  lower  of 
which,  next  the  elevator  sump,  contain  riffles.  These  iron  boxes  are 
10  feet  long,  31  inches  wide  at  the  top,  27  inches  at  the  bottom,  and  8 
inches  deep,  of  a  single  bent  sheet  of  iron,  lapping  2  inches  at  the  ends 
and  fastened  together  with  two  bolts.  The  material  slides  easily 
through  the  cut  in  these,  which  are  laid  on  6-inch  grade  to  the  eleva- 
tor. It  is  said  that  50  per  cent  of  the  gold  is  caught  in  the  last  two  of 
these,  and  50  per  cent  is  caught  in  the  tail  sluice  after  the  elevator. 
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In  the  elevator  opemtions  on  Ophir  Creek  and  on  Basin  Creek,  in 
the.  Nome  district,  it  is  sjiid  that  75  per  cent  of  the  gold  is  caught 
l)efore  the  elevator,  and  in  one  case  no  gold  was  caught  below  the  first 
four  boxes  of  the  tail  flume.  The  experience  in  Seward  Peninsula 
has  shown  that  the  gold  is  for  the  most  part  rough,  and  even  crystal- 
line, and  even  when  finely  divided  is  saved  with  ease.  One  marked 
exception  was  seen  at  Anvil  Creek,  where  a  50()-foot  string  of  boxen 
on  4i-inch  gmde  (*aught  gold  for  the  entire  length. 

TAILINGS. 

It  has  been  said  that  the  most  important  part  of  the  equipment  of 
a  hydraulic  mine  is  the  dump.  It  has  been  found  that  the  amount  of 
material  which  can  l>e  moved  is  governed  primarily  by  the  grade  of  the 
sluice  boxes.  Reference  to  table  11  (p.  139),  shows  that  there  is  a  fairly 
constant  ratio  between  the  grade  of  the  tail  sluice  and  the  amount  of 
gravel  moved  through  it  per  twenty-four  hours  per  miner's  inch  of 
water  used. 

Since  it  is  a  prime  necessity  in  hydraulic  mining  operations  that  as 
large  an  amount  of  gravel  as  possible  shall  be  delivered  through  the 
tail  sluice  and  disposed  of  on  the  dump,  it  is  evidently  of  the  highest 
importance  that  a  steep  grade,  12  inches  in  12  feet  if  possible,  and  on 
no  account  less  than  6  inches  to  12  feet,  should  be  available  for  the 
sluice.  It  is  manifestly  impossible  to  secure  this  grade  if  the  natural 
slope  of  the  ground  or  creek  l)ottom  over  which  the  material  is  run  is 
less  than  that  required  for  the  sluices.  The  grade  of  the  surface  must 
in  fact  be  more  than  that  of  the  sluice,  in  order  that  there  may  be 
ample  vertical  space  below  the  end  of  the  lowest  box  for  the  tailings. 

In  hydraulic  operations  on  bench  gravels,  as,  for  example,  in  the 
Klondike  region,  the  conditions  for  obtaining  grade  for  the  sluices  are 
more  favorable  than  in  any  other  hydmulic  operation  of  the  North. 
The  gravels  of  the  Klondike  White  Channel  I)enche8  are  easily  moved 
after  they  are  thawed.  This  is  fortunate,  as  on  account  of  the  small 
amount  of  water  available  hydraulic  mining  on  the  benches  would 
otherwise  be  impossible.  The  expense  of  keeping  up  dams  for 
impounding  tailings,  however,  is  considerable.  Naturally  the  barren 
tailings,  consisting  of  white  quartz  stones  of  the  size  of  paving  stones, 
can  not  be  allowed  to  wash  and  slide  down  to  the  creek  bottom.  Were 
this  permitted,  the  creek  miners  would  soon  find  their  cuts  flooded  and 
their  ground  covered  Avith  thousands  of  tons  of  useless  debris.  There- 
fore impounding  dams  for  tailings  must  be  constructed  of  the  strongest 
available  materials,  in  order  to  resist  the  weight  of  the  stones.  The 
cost  of  building  tailings  dan^s  of  l)rush  and  poles,  20  feet  high,  in  the 
Klondike,  is  §5  per  linear  foot.  Ketaining  dams  along  Bonanza  Creek 
in  the  Klondike  are  shown  on  PI.  XXV,  B. 
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In  California  hydraulic  mines  the  dump,  even  after  a  series  of  drop- 
offs 25  feet  in  height,  was  sometimes  in  a  canyon  hundreds  of  feet 
vertically  below  the  end  of  the  sluice.  The  remarkable  topographic 
conditions  which  allowed  of  such  a  phenomenal  dump  probably  can  not 
be  found  in  another  placer  country,  and  certainly  not  in  those  portions 
of  Alaska  here  considered.  Even  in  California,  however,  it  was  often 
found  necessary  to  distribute  the  dump  by  means  of  Y's  near  the  end 
of  the  tail  sluice.  One  such  system  is  in  practice  on  McKee  Creek, 
Atlin,  and  has  already  been  referred  to.  In  hydraulic  operations 
where  1,000  cubic  yards  or  more  a  day  are  handled  with  low  dump 
two  carpenters  have  frequently  to  be  employed  at  least  half  of  the 
time  in  adding  boxes  to  the  tail  sluice.  If  the  dump  be  properly 
spread  in  delta  form,  the  operation  can  be  carried  on  in  places  where 
otherwise  it  might  be  impossible. 

Where  hydraulic  operations  are  conducted  in  creek  beds  of  low 
grade,  below  the  so-called  "sluice-box  grade,"  or  6  inches  in  12  feet, 
some  expedient  must  be  adopted  to  get  rid  of  the  accumulation  of 
tailings  below  the  end  of  the  sluice.  If  the  topography  is  such  that 
the  water  runs  off  and  only  the  solid  residue  of  the  tailings  accumu- 
lates, the  expedient  is  sometimes  adopted  of  "piping"  the  dump  away 
with  an  extra  giant  set  in  a  convenient  position  for  the  work.  This 
giant  generally  requires  the  services  of  one  man,  and,  although  used 
only  a  portion  of  the  time,  may  be  figured  under  Alaska  conditions 
to  add  from  2  to  5  cents  to  the  cost  of  handling  the  gravel.  The  effi- 
ciency of  the  plant  is  detracted  from  by  so  much  power  as  is 
required  to  push  the  tailings  out  of  the  way.  It  can  not  be  too  strongly 
.  insisted  on  that  when  this  or  any  other  device  is  used  to  move  or  ele- 
vate the  tailings,  the  strict  principle  of  hydraulic  mining  is  departed 
from.  The  use  of  the  steam  or  horse  scraper  in  removing  the  tailings 
of  small  plants  is  discussed  on  pages  70-72. 

If  the  grade  of  the  creek  bed  is  lower  than  that  necessary  for  the 
sluice,  the  tailings  must  be  elevated  and  the  water  pumped  from  the 
pit.  Mechanical  elevators  with  the  addition  of  a  bed-rock  drain  are 
sometimes  used,  though  not  with  success,  so  far  as  known.  In  one 
case  on  Mastodon  Creek  of  the  Birch  Creek  district  the  installation  of 
a  steam  scraper  for  lifting  the  tailings  from  the  hydraulic  pit  was  con- 
templated, the  water  being  handled  by  a  bed-rock  drain,  which  had 
been  installed  at  great  expense. 

THE  HYDRAULIC  ELEVATOR. 

The  hydraulic  elevator  is  too  well  know^n  to  need  elaboi*ate  descrip- 
tion. The  principle  is  the  same  as  that  of  the  injector.  Water  under 
pressure  discharged  through  a  nozzle  set  within  a  steel  jacket  creates 
a  vacuum  and  causes  water — about  one-half  the  (juantity  used  })y  the 
elevator — and  accompanying  solid  material  to  rise  to  a  height  corre- 
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spondin^  to  approximately  10  per  cent  df  the  head  under  which  the 
water  acts.  Many  elevators  have  been  used,  and  they  all  act  on  the 
same  principle.  One  of  the  necessities  is  the  constant  admission  of  air 
with  the  tailings,  which,  by  being  compressed,  aids  in  the  elevating 
process.  Those  elevators  are  considered  best  which  admit  air  most 
freely. 

An  exceedingly  simple  form  of  hydraulic  elevator — the  so-called 
^^open"  elevator — is  in  use  in  southern  Oregon.  Th«  gravel  is  piped 
directly  into  an  inclined  box  8  by  30  feet  in  dimensions,  which  has  a 
false  bottom  of  punched  iron  plates.  All  the  fines  run  back  on  the 
plank  floor  of  the  box  to  the  undercurrent,  the  oversize  falling  to  the 
tailings  pile  at  the  raised  end  of  the  box.  The  contrivance  is  a  make- 
shift, but  is  said  to  be  successfully  used  in  the  flat  stream  beds  of 
southern  Oregon. 

A  hydraulic  elevator  will  sink  a  pit  in  a  flat  piece  of  ground  con- 
taining no  large  stones.  In  starting  new  work  on  placer  ground  it  is, 
in  fact,  the  practice  to  sink  the  pit  with  the  elevator.  The  portion  of 
the  h^^draulic  elevator  shown  in  Fl.  XXVI,  J,  is  in  position  in  the 
bottom  of  a  pit  40  feet  deep,  on  Glacier  Creek,  Seward  Peninsula. 
This  pit,  which  is  90  by  60  feet  in  dimensions,  was  sunk  in  ten  days 
by  a  7-inch  elevator,  smaller  than  the  one  shown  in  the  picture,  using 
325  miner's  inches  of  water  at  360  feet  head.  At  the  claim  next  higher 
up  the  creek  a  similar  elevator  was  in  use,  and  a  description  of  its 
operation  will  be  of  interest.  Seven  hundred  and  sixty  miner's  inches, 
under  330  feet  pressure,  were  used  in  the  operations.  The  water  is 
afforded  by  the  Miocene  ditch,  described  on  pages  123-126.  The  grade 
of  Glacier  Creek  does  not  exceed  50  feet  to  the  mile  in  its  lower  por- 
tion, where  this  property  is  worked.  The  gravel  deposit,  which  is 
wide  and  20  feet  in  depth  to  bed  rock  (see  PI.  XXVI,  B)^  can  not  be 
worked  by  the  hydraulic  method  on  account  of  the  impossibility  of 
disposing  of  the  tailings.  Therefore  a  long  cut  is  ground-sluiced  off 
to  the  depth  of  6  or  7  feet  below  the  surface.  The  elevator  sump, 
which  must  be  about  5  l)y  5  feet  and  10  feet  into  the  l>ed  rock,  is  sunk 
in  the  bottom  of  the  large  pit.  The  elevator,  which,  with  the  heivd 
above  given,  lifts  36  feet,  is  set  in  position.  For  this  ground  a  No.  1 
elevator,  having  a  10-inch  throat  and  using  4i-inch  nozzle,  is  employed. 

The  hydraulic  elevator,  like  the  one  shown  in  the  photograph,  is  by 
no  means  simple.  It  consists  of  15  large  parts,  some  of  them  very 
heavy,  and  a  number  of  rods,  bolts,  bands,  and  wooden  staves.  The 
cost  of  the  one  shown  is  approximately  $750  in  San  Francisco,  and  the 
weight  is  2,000  pounds.  A  pipe  is  led  from  the  supply  pipe  to  feed 
the  nozzle  of  the  elevator.  It  is  connected  to  this  l)y  means  of  the 
ball  joint.  This  joint,  shown  in  the  photograph,  is  exceedingly  con- 
venient, as  it  allows  the  pipe  to  enter  the  pit  from  one  of  several  direc- 
tions.    Where  the  upcast  pipe  joins  the  top  casting  of  the  elevator  it 
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should  be  made  to  fit  over  and  outside  of  this  casting,  so  that  there 
will  be  no  leak.  The  casting  should  be  riniined  outside  to  a  depth  of 
2  inches.  The  jacketing  of  the  nozzle  is  considered  very  good  pmc- 
tice,  as  it  prevents  smothering  with  gravel.  In  the  Ij'pe  of  elevator 
here  shown  the  advantage  is  claimed  that  the  various  parts,  lining, 
backing,  first  section  above  throat,  top  section,  etc.,  are  separate  and 
merely  fit  together,  being  held  by  a  ring  of  wooden  staves,  as  shown  in 
PI.  XXV,  A,  This  obviates  the  use  of  heavy  castings.  The  upcast 
pipe  is  made  of  lap-welded  steel,  one-eighth  inch  in  thickness,  and 
either  lead  or  fiange  joints  can  be  used.  In  the  plant  described  the 
pipe  was  in  18i-foot  lengths  and  the  joint  was  made  by  bolting  together 
wooden  blocks,  10  by  12  by  24  inches,  with  a  half-round  cut  made  to 
admit  the  pipe.     The  upcast  pipe  should  be  set  at  an  angle  of  60  \ 

By  far  the  most  impoilant  parts  of  the  elevator  as  regards  wear  are 
Jthe  throat  and  the  hood  which  receives  the  impai*t  of  the  gravel  in  the 
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Fio.  33.— Hood  in  hewl  box  of  tail  sluice. 

heud  box  of  the  tail  sluice  above.  These  two  parts  are  manganese  steel 
castings,  and  if  the  gravel  is  very  sharp  and  siliceous  may  wear  out  in 
one  season.  For  the  10-inch  elevator  the  throat  weighs  400  pounds  and 
the  hood  600  pounds  (price  16  cents  per  jx)und  in  San  Francisco).  The 
manner  of  setting  the  hood  in  the  head  box  of  the  tail  sluice  is  shown 
in  fig.  33.  The  upcast  pipe  is  laid  against  an  inclined  framework  of 
four  lengths  of  2-inch  plank  2  feet  wide,  and  extends  directly  into  the 
l>ottom  of  the  tail  sluice.  (See  PI.  XXVII,  .1.)  Leading  to  the  throat 
of  the  elevator  directly  above  the  nozzle  is  a  sluice  box,  which  conducts 
the  gravel  either  from  the  boxes  preceding  it  or  from  a  bed-rock 
sluice,  which  is  carried  back  on  grade  in  the  pit  bottom  as  fast  as  the 
gravel  is  piped  down.  On  Glacier  Creek  the  gravel  is  led  to  the  ele- 
vator in  24-inch  iron  boxes  on  6-inch  grade,  with  or  without  rail 
riffles.  After  leaving  the  discharge  of  the  upcast  pipe  the  gravel 
passes  through  eight  or  nine  36-inch  boxes,  with  T-rail  riffles.    The  first 
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two  boxes  have  4- foot  .si(l(\s,  reinforced  inside  and  out  with  sheet  iron, 
and  are  set  high  on  a  trestle  to  give  the  desired  elevation  for  maintain- 
ing the  dump.  The  gmde  is  either  i)  or  1  inch  in  12  feet  for  the  head 
box,  2  inches  for  the  second,  3  inches  for  the  third,  4  inches  for  the 
fourth,  and  5  inches  for  the  succeeding  boxes.  It  is  proposed  to  sup- 
plant wooden  sluice  boxes  on  this  claim  with  iron  boxes  8  to  10  feet 
long  and  from  2  to  3  feet  wide,  of  onefourth-inch  sheet  iron,  weighing 
from  500  to  (>0()  pounds  each  and  costing  from  $15  to  $20  in  San  Fran- 
cisco. Five  hundred  and  twenty  miner's  inches  of  water  are  used 
for  the  elevator  and  240  inches  are  used  through  the  3-inch  nozzle  of 
the  giant.  The  water  is  distributed  from  the  supply  pipe  by  11-inch 
pipe  to  the  two  nozzles.  By  this  arrangement  500  cubic  yards  of 
gravel  can  be  handled  in  ten  hours.  It  is  said  that  the  elevator  is 
not  handling  over  one-half  the  gravel  that  could  be  put  through  it 
if  the  larger  amount  could  be  moved  to  the  throat.  Experiments 
with  scrapers  opemted  by  water  power  are  in  progress. 

The  practice  here  is  first  to  run  back  with  a  narrow  cut  250  feet  up 
the  creek  from  the  elevator  throat,  then  to  come  forward  toward  the 
elevator,  breaking  down  the  sides. 

If  the  cut  is  150  feet  wide,  250  feet  long,  and  25  feet  deep,  a  new 
set-up  must  be  made  every  thirty-four  days,  assuming  that  the  plant 
is  run  all  the  time  at  its  full  capacity.  To  make  the  new  set-up  of 
l)Oxes  and  to  build  the  trestle  requires  $400  worth  of  lumber  and  the 
labor  of  5  men  for  five  days.  In  addition,  it  takes  the  whole  crew  of 
the  placer  one  day  to  take  the  elevator  from  its  old  position  and  place 
it  again.  The  total  extra  expense  is,  then,  nearly  $l,iX)0  in  money  and 
at  least  one  full  day  out  of  the  short  working  season  each  time  that 
the  elevator  is  moved. 

In  Seward  Peninsula  the  handling  of  }>owlders  gives  little  trouble 
with  the  elevator.  A  10-inch  throat  will  take  a  9f-inch  l)owlder.  It 
is  not  uncommon  to  see  the  men  near  at  hand  throwing  small  stones 
down  at  the  throat  of  the  elevator.  This  is  because  stones  are  jammed 
in  the  throat.  The  elevator  for  the  moment  is  not  clearing  the  pit, 
and  the  small  stones  artificially  fed  will  act  as  small  cannon  balls  to 
break  the  obstruction. 

It  should  be  noted  that  a  very  large  amount  of  water  is  used  for  the 
elevator  as  compared  with  that  used  for  the  giant.  It  has  been  found 
most  economical  to  distribute  the  water  one-third  to  the  giant  and 
two-thirds  to  the  elevator.  Jf  the  elevator  is  too  large  for  the  water 
used,  the  employment  of  a  choked  nozzle  or  smaller  nozzle  will  obviate 
the  difliculty,  while  the  larger  throat  does  no  harm.  One  of  the  most 
common  difficulties  with  the  hydraulic  lift  is  the  fact  that  it  will  choke 
if  required  to  mise  too  much  seepage  or  pipe  water. 

Elevator  practice  in  hydraulic  mining  has  been  so  limited  in  its 
application,  and  has  met  with  so  little  success,  that  definite  rules  for 
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the  guidance  of  the  miner  have  not  been  formulated.  The  best  that 
can  \ye  done  is  to  cite  examples  of  the  results  of  actual  practice  and  to 
enumerate  the  difficulties  experienced.  It  is  a  common  saying  among 
users  of  hydraulic  elevators  that  the  machines  will  liandle  all  the  gravel 
that  can  be  got  to  the  throat. 

The  table  for  use  in  hydraulic-elevator  operations  is  as  given  by  the 
manufacturers: 

Table  12. — Water  refjtured  in  hydraulic  elfralors. 


Number.  Water  required.       Size  of  nozzlo.    fjjj^/ 


Miner's  inches.  Inches.        ,  Inches. 

1 :^00to500 3it«4J....  10 

2 500to750 i4Jto5 12 

8 750  to  1,000....    5to5| '         15 

The  above  heads  are  those  which  are  generally  available  in  Alaska. 
The  amount  of  water  that  can  be  handled  successfully,  in  addition  to 
that  coming  through  the  nozzle,  does  not  in  pmctice  exceed  one-third. 
If  there  is  a  large  quantity  of  seepage  water  the  excess  must  be  taken 
care  of  by  means  of  an  auxiliary  water  lift.  One  of  these  is  shown  in 
position  in  PI.  XXV,  A.  It  takes  an  8-inch  supply  pipe,  choked  to 
2-inch  nozzle  in  4-inch  throat,  with  70  inches  of  water  at  100-foot  head, 
to  lift  80  inches  of  water  26  feet.  This  lift  weighs  350  pounds  and 
costs  $140  in  San  Francisco.  Whether  such  a  lift  is  needed  for  con- 
tinuous operation  or  not,  it  is  convenient  to  have  it  at  hand  for  assist- 
ance in  temporary  pumping  of  water  from  the  pit  during  the  time  of 
clean-up  and  other  periods  when  the  main  elevator  is  not  acting. 
Double  elevators  are  sometimes  used  in  preference — a  much  more 
expensive  installation. 

All  the  hydraulic  elevators  seen  in  Alaska  were  of  small  capacity, 
carrying  10-inch  throat  or  less.  It  should  be  remembered  that  the 
tables  and  estimates  of  percentage  of  lift  to  head  are  generally  based 
on  the  assumption  that  the  throat  piece  of  the  uptake  pipe  is  double 
the  diameter  of  the  nozzle  employed.  In  northern  practice  it  is  gen- 
erally the  experience  that  a  smaller  nozzle  must  be  used  than  the  theo- 
retical size,  and  in  consequence  the  lift  is  decreased. 

The  type  of  plant  illustrated  in  PI.  XXVII,  B,  is  not  advisable 
except  as  a  necessity,  where  surplus  water  from  a  head  ditch  is  avail- 
able. The  gravel  is  shoveled  from  the  cut  by  hand  into  cars  which 
are  trammed  and  dumped  into  the  })ed-rock  sluice  running  to  the  ele- 
vator. The  operation  has  no  relation  to  hydraulic  mining  proper. 
The  plant  figured  has  a  capacity  of  700  cubic  yards  in  twenty-four 
hours,  the  working  expenses  being  no  less  than  on  a  neighboring 
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claim,  with  almost  precisely  similar  geological  conditions,  where  gravel 
was  being  handled  !)y  shoveling  into  li-yard  derrick  skips  trammed 
on  trucks  to  the  derrick,  lifted  to  a  sluice,  and  washed  with  gravity 
water.  Now,  grant  that  the  cost  of  the  derrick  plant  was  $10,(K)0 
while  that  of  the  elevator  plant  was  only  $5,()0().  The  water  for  the 
elevator,  however,  500  miner's  inches,  represented  one-fifth  of  that 
obtamed  by  an  elaborate  ditch  system,  the  proportionate  charge  of 
installation  of  which  was  $60,000.  It  is  very  unlikely  that  the  life  of 
either  of  these  properties  will  exceed  six  years,  and  it  can  be  easily 
seen  that  the  amortization  charge  for  cost  of  plant  must  be,  less 
interest  allowance,  $17,000  in  the  elevator  plant,  as  against  $10,000  in 
the  derrick  plant. 

It  would  be  unfair  to  entirely  decry  the  use  of  the  hydraulic  eleva- 
tor in  Alaska.  On  the  other  hand,  it  is  a  deplorable  spectacle  to  see 
cases  where  expenditures  of  from  $25,000  to  f 200,000  have  been  made 
to  secure  the  use  of  water  at  a  head,  where  the  elevator  is  installed, 
and  where  it  finally  becomes  apparent  that  loss  will  result  in  the 
operations  because  gravel  can  not  be  moved  to  the  elevator  in  suflicient 
quantity. 

To  take  a  very  typical  Alaskan  case,  assume  a  body  of  material  which, 
handled  at  the  rate  of  700  cubic  yards  a  day,  can  be  worked  out  in  six 
seasons;  that  the  section  consists  of  2  yards  of  muck  and  of  li  yards 
of  gravel  which  has  a  tenor  of  $3  per  cubic  yard.  This  material  can 
be  all  handled  by  the  hydraulic  method  at  an  expense  of  50  cents  per 
cubic  yard,  actual  working  cost,  including  superintendence.  In  order 
to  make  this  hydraulic  method  available  a  ditch  carrying  1,000  miner's 
inches  of  water  at  lowest  stage  must  be  built  at  a  cost  of  $100,000. 
Let  this  cost  include  the  hydraulic  equipment.  Simple  interest  charge 
on  the  investment  and  maintenance  of  ditch  and  plant  will  amount  to 
$90,000  additional.  Allowing  nothing  for  purchase  of  property,  the 
five  annual  payments  to  amortization  of  plant  fund  will  amount  each 
to  $88,000.  Allow  one  hundred  days  each  season  actual  working 
tinie.  Then  the  amount  per  cubic  yard  which  must  be  added  to  cover 
payment  to  the  sinking  fund  will  be  0.542  cents  per  cubic  yard,  or  a 
total  of  $1,042. 

This  cost  will  not  be  regarded  as  extreme  by  those  who  have  had 
experience  in  similar  undertakings.  The  operator  has  a  choice  of 
mechanical  plants,  by  using  one  of  which  he  could  work  the  ground 
with  great  economy.  In  other  words,  the  use  of  the  hydraulic  eleva- 
tor in  Alaska  f  requentl}'  defeats  the  object  for  the  attainment  of  which 
the  hydraulic  method  of  mining  is  employed. 
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DREDGING. 
INTRODUCTION. 

The  opportunities  for  gold  dredging  in  the  far  Northwest  are  not  by 
any  means  numerous.  Perhaps  no  part  of  the  gold-mining  industry 
is  dependent  on  so  many  conditions  for  its  financial  success  as  the 
dredging  of  auriferous  gravel  deposits  for  gold.  Some  years  ago,  in 
connection  with  Mr.  J.  B.  Landfield,"  I  published  a  review,  setting 
forth  the  geological  conditions  which  are  necessary  for  the  success  of 
gold  dredging,  the  consideration  of  which  is  frequently  neglected  by 
those  contemplating  the  installation  of  dredges.  The  portions  of  that 
paper  which  deal  with  the  present  case  are  here  quoted.  The  prime 
consideration  is  that  conditions  of  a  peculiar  character  are  a  necessary 
accompaniment  of  the  values  in  any  locality  where  it  is  proposed  to 
win  gold  by  dredging.  Recent  experience  has  proved  that  the 
greatest  attention  must  be  given  to  topographic  and  geologic  condi- 
tions in  the  country  in  which  the  enterprise  is  to  be  inaugurated, 
otherwise  success  in  the  operations  is  not  to  be  looked  for.  The 
following  explanation  of  the  conditions  necessary  for  dredging  is 
therefore  pertinent: 

Taking  the  country  about  Oroville,  Cal.,  as  the  Ijest  example  in  the  Unite<l  States, 
let  the  geological  conditions  be  considered.  To  the  north  and  east  the  erosion  of  a 
vast  extent  of  mining  country,  whose  rocks  are  penetrated  by  gold-bearing  veins, 
has  contributed  little  by  little  through  geologic  ages  to  the  mass  of  detritus  now 
occupying  the  bed  of  Feather  River.  The  wearing  down  of  mountains,  originally 
very  much  higher  than  at  present,  through  a  vast  amount  of  time  has  caused  the 
formation  of  a  valley  of  extraordinary  width  but  of  no  great  depth.  The  massing  of 
stream  detritus  is  also  responsible  for  a  decrease  in  the  gradient  and  a  slowing  down 
almost  to  a  topographical  equilibrium  of  the  formerly  swift  current  of  the  river. 
The  stream,  unable  under  these  conditions  to  cut  its  way  by  virtue  of  the  material 
which  it  carrie<l  in  suspension,  has  for  a  long  time  been  depositing  its  load,  filling  its 
wide  valleys  with  sand  and  gravel,  together  with  the  less  destructible  of  the  metallic 
particles,  and  notably  gold.  Geologically  speaking,  the  rate  of  deposition  of  the 
river*s  material  may  be  said  to  be  on  the  increase  and  the  current  of  the  water,  still 
of  considerable  velocity,  to  be  greatly  lessening  in  swiftness.  Later  in  its  geologic 
cycle  Feather  River  will  doubtless  assume,  on  a  smaller  scale,  the  present  character 
of  the  Mississippi,  forming  oxbow  curves,  cut-offs,  and,  as  it  were,  losing  its  way 
among  constantly  shifting  sand  bars. 

The  accompanying  residual  gold,  as  it  travels  to  a  greater  and  greater  distance  from 
its  original  source  in  the  veins  of  the  mountains,  becomes  more  and  more  finely 
divided,  even  to  microscopic  dimensions,  and  increases  in  purity,  and  the  degree  of 
evenness  with  which  the  particles  are  distributed  in  the  gravel  becomes  a  phenom- 
enon of  ctmstantly  increasing  definiteness  and  imjwrtance. 

Such  a  set  of  conditions  as  that  obtaining  on  Feather  River  is  the  exception 
rather  than  the  rule  in  the  western  part  of  the  United  States,  and  even  in  California. 
The  al)ove  explanation  has  been  entered  into  in  onler  to  present  in  some  measure 
the  reasons  why,  on  the  California  river  referred  to,  the  conditions  are  not  only  favor- 
able but  eminently  suited  to  gold  dredging.     Shallow  gravels — that  is,  those  lessthan 

a  Puiiti^on,  C.  W.,  and  Landfield,  J.  B.,  Jr.,  The  gold-dredging  fields  of  eastern  Rnasia:  Eng.  Mag., 
vol.  22,  1901,  pp.  3»-l07. 
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40  feet  in  depth — are  an  ossential  in  dreiljfing  enterprises. «  Thus  broad  rather  than 
narrow,  gorge-like  valleys  must  l>e  sought.  He<l  rock  of  a  soft,  decomposed  character, 
which  can  Iw*  easily  cut  into  by  the  dipper  or  bucket  of  the  dredge,  is  a  necessity, 
since  placer  gold,  by  virtue  of  its  gravity,  often  sinks  from  1  to  2  feet  into  the  crevices 
of  the  rock  underlying.  It  is  hardly  necessary  to  state  that  the  amount  of  gold 
increases  in  geometrical  ratio  the  lower  it  lies  in  a  given  bed  of  gravel.  Thus  old 
rather  than  young  valleys  are  favorable  for  dn-nlging. 

Additional  reasons  of  great  weight  why  geologically  old  valleys  should  be  looked 
for  are  that  the  size  of  bowlders  is  greatly  decreased,  gravel  becomes  by  long  abrasion 
uniform  in  size,  the  angularity  of  the  fragments  disappears,  and  a  bed  of  pebbles, 
round  and  easily  handled,  is  the  result. 

The  even  distribution  of  the  gold  which,  as  mentioned  above,  is  an  invariable 
accompaniment  of  old  and  wide  valleys,  is  a  point  in  favor  of  this  sort  of  mining, 
looked  at  from  the  standpoint  of  a  business  enteri)rise.  At  the  same  time  it  is  evi- 
dent that  the  finely  divided  state  in  which  such  gold  is  found  necessitates  the 
highest  skill  in  recovering  it.  For  example,  at  Oroville,  although  some  of  the  opera- 
tors are  saving  gold  the  sulKlivision  of  whose  particles  is  almost  microscopic,  it  is 
thought  with  good  reason  that  a  considerable  percentage  of  values  is  lost  in  the  water 
used  for  the  washing. 

The  conditions  on  Yuba  River  in  California  are,  from  the  dredging  standpoint,  as 
favorable  as  those  at  Oroville. 

The  conditions  above  mentioned  as  important  to  the  success  of  gold 
dredging  should  be  taken  account  of  as  much  b}'  the  men  who  con- 
template installing  dredges  in  Alaska,  as  in  any  other  part  of  the  world. 
While  it  is  true  that  there  are  in  Alaska  broad  valleys,  such  as  those 
of  Yukon  River  and  its  larger  tributaries,  and  that  they  have  been 
found  to  be  to  a  certain  extent  gold  bearing,  yet  peculiar  and  formid- 
able conditions  serve  as  a  barrier  to  the  exploitation  of  these  streams 
by  dredging.  A  remarkable  illustration  of  this  fact  came  to  my  notice 
during  the  last  summer.  In  a  small  island  facing  the  settlement  of 
Ekgle,  in  the  interior  Yukon  country,  a  shaft  sunk  through  rolled 
stream  gravel  to  a  depth  of  al)out  40  feet  in  winter  penetrated  perpetu- 
ally frozen  ground  until  near  the  limit  of  its  depth.  At  this  point  an 
underflow  of  water  was  encountered  so  strong  as  to  prevent  further 
prospecting.  It  was  said  that  good  values  in  gold,  even  up  to  $1  to 
the  yard,  were  found  in  sinking  this  shaft.  If  this  be  true  it  would 
imply  that  considerable  areas  of  the  underlying  immensely  wide 
gravel  flats  of  Yukon  River  are  gold  bearing.  Under  other  conditions 
portions  of  the  ground  might  be  found  workable  by  gold  dredges. 
Experience  has  shown  that  in  Alaska  the  permanent  frost  which  exists 
in  much  of  the  river  country  renders  the  exploitation  of  the  gravel  by 
ordinary  mechanical  means  al)soluti^ly  impossible.  It  is  the  opinion 
of  those  who  have  attempted  the  dredging  of  frozen  gravel  in  the 
Klondike  that,  while  the  devising  of  a  dredgo  strong  enough  to  dig 
frozen  gravel  is  not  impossil^le,  the  undertaking  has  not  yet  rea<»hed 

a  Since  the  above  was  written  the  enlarging  and  strengthening  of  dredges  has  resulted  in  sueeess- 
ful  digging  (on  Yuba  River.  (California)  to  the  depth  of  60  feet.  It  should  be  noted,  however,  Uiat  the 
upper  25  feet  of  the  Vuba  gravel  section  consists  of  loose  tailings. 
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even  the  experimental  stage.  In  the  interior  the  cost  of  dredging 
unfrozen  ground  is  4<)  cents  per  cubic  yard,  while  the  dredging  of 
frozen  ground  by  thawing  ahead  of  the  dredge  with  steam  points 
requires  an  expenditure  of  40  cents  additional.  It  will  be  recognized 
by  those  familiar  with  dredging  that  such  a  cost  is  prohibitive  of  the 
exploitation  of  the  avei-age  dredging  gravels. 

River-bed  gravels  seldom  average  over  20  cents  to  the  cubic  3^ard  in 
gold,  locally  enriched  area  from  side  tributaries  necessarily  being 
excluded.  It  has  been  frequently  stated  by  engineers  that  the  average 
tenor  of  the  Oroville  gravels  is  not  above  15  cents  to  the  cubic  yard. 
I  see  no  reason  to  believe  that  the  gravels  of  the  Alaska  rivers,  the 
Yukon,  Tanana,  Koyukuk,  Kuskokwlm,  and  their  larger  tributaries 
should  be  any  higher.  It  is  likely  that  only  in  very  restricted  areas 
will  the  tenor  in  gold  of  these  streams  be  as  high  as  15  cents.  It 
should  be  distinctly  understood  that  Solomon  River,  Snake  River, 
and  streams  of  similar  size  in  Seward  Peninsula  are  not  properly 
called  dredging  streams.  Thej^  do  not  by  any  means  fulfill  the  condi- 
tions implied  in  the  foregoing  geological  description.  While  it  is 
undeniable  that  in  certain  isolated  cases  streams  having  the  character 
of  Solomon  River  may  be  profitably  dredged,  the  enterprise  must 
be  considered  as  lying  outside  the  legitimate  province  of  the  gold- 
dredging  industry  as  developed  in  California  and  New  Zealand. 

A  recent  study  of  the  dredging  fields  of  California  has  led  to  the 
conclusion  that  while  dredging  is  possible  to  a  greater  depth  than 
formerly  (60  feet  in  Yuba  River),  there  has  been  little  reduction  in 
the  general  costs  of  work.  Eight  cents  per  cubic  yard  is  the  lowest 
cost  which  may  be  safely  counted  on  at  Oroville,  the  principal  field. 

No  special  devices  have  been  put  into  practice  for  breaking  up 
cemented  gravel,  and  some  of  the  dredgers  at  Oroville  are  compelled 
to  use  powder  to  shake  the  bank  in  front  of  the  dredge.  Such  pi-ac- 
tice  would  have  no  beneficial  effect  in  hai^dling  frozen  gravel.  The  use 
of  hydraulic  nozzles  attached  to  the  ladder  frame  at  the  lower  tumbler 
seat  has  several  times  been  suggested  by  engineers  for  assistance  in 
thawing  frozen  gravel  as  the  dredge  operates.^  Experience  in  hydrau- 
licking  frozen  bench  gravels  in  Alaska  has  proved  that  such  a  device 
would  be  of  no  avail,  since  it  is  mainly  the  action  of  the  sun  and  not 
that  of  the  water  which  thaws  the  gravel  face.  The  possible  method 
of  steam  thawing  is  to  drive  long  pipes  from  the  surface  into  the 
ground  ahead  of  the  dredge  (the  pi'actice  in  Bonanza  Creek  in  14-foot 
ground).  The  cost  of  this  would  probably  be  prohibitive  when  the 
depth  of  the  ground  exceeds  15  feet. 

The  only  mann(»r  in  which  heat  can  l)e  applied  directly  to  the  part  of 
the  gravel  face  where  the  Inickets  are  digging  is  by  means  of  elec- 

aLevat,  E.  D.,  L'Or  en  SiWrle  orientale. 


Digitized  by  VjOOQIC 


160  GRAVEL    AND   PLACER   MINING    IN    ALASKA.  [bull.  263. 

trically  heated  water  thrown  against  the  bank.  The  fact  that  hydrau- 
licking  with  water  heated  to  50'^  and  applied  directly  to  the  face 
through  a  nozzle  in  Klondike  drifting  operations  is  remarkably  effective 
in  thawing  frozen  gravel  suggests  possibilities  in  regard  to  dredging. 
This  possibility  is  extremely  remote,  but  might  under  certain  cir- 
cumstances be  applicable  whei*e  the  dredge  is  operated  by  electric 
power  generated  by  water  under  head. 

The  fact  the  dredge  is  the  only  appliance  used  in  placer  mining 
which  transports  its  sluices  and  continually  provides  new  room  for  its 
tailings  renders  it  attractive  in  the  consideration  of  the  shallow  north- 
ern placers. 

In  Seward  Peninsula  there  are  some  river  deposits  which  contain 
gold  sporadically  distributed  and  in  which  frozen  and  unfrozen  areas 
alternate.  Extensive  prospecting  has  resulted  in  the  discovery  of  a 
certain  amount  of  ground  which  appears  to  warmnt  the  installation 
of  dredges  of  special  design.  More  of  these  areas  may  be  found,  and 
it  is  probalile  that  some  of  them  may  be  in  the  interior.  It  is  not 
believed  that  dredges  can  Ije  operated  successfully  in  any  of  the  area 
included  in  the  South  Coast  provinces,  as  there  the  geological  condi- 
tions are  almost  the  exact  opposite  of  those  outlined  at  the  beginning 
of  this  section. 

DESCRIPTION  OF  OPERATIONS. 

Notwithstanding  the  difficulties  encountered  in  the  interior  of 
Alaska,  the  possibility  of  dredging  in  this  field  under  certain  favor- 
al>le  conditions  is  not  to  be  denied.  A  small  dredge  for  prospecting 
purposes  was  being  operated  cheaply  in  Stewart  River  in  the  Yukon 
Territory,  not  far  from  the  international  boundary,  during  the  season 
of  1904.  It  subsequently  operated  in  Klondike  River.  This  dredge 
has  39  open  connected  2i-foot  buckets,  and  handles  750  cubic  yards 
in  twenty-four  hours.  It  digs  to  30  feet,  and  in  Stewart  River  very 
little  frozen  gravel  was  encountered.  A  crew  of  6  men  is  employed 
and  the  daily  working  cost  alone  is  said  to  be  7  cents  a  cubic  yard. 
The  hull  was  built  at  White  Horse,  of  4-inch  planks  of  imported 
Vancouver  fir,  and  cost  $5,000. 

A  complete  description  of  this  dredge  has  been  published  by  the 
designer,  Mr.  A.  W.  Robinson.^ 

A  dredging  installation  was  also  visited  on  (lold  Run,  in  the  Atlin 
district  of  British  Colum})ia.  The  power  plant  was  situated  on  Pine 
Creek,  5  miles  below  the  dredge.  A  flume  and  ditch  line  li  miles 
in  length  supplied  1,500  inches  of  water,  at  187  feet  head,  to  2  Victor 
turbine  wheels  of  500  horsejX)wer  each.  It  was  said  that  Hi)  per  cent 
of  this  efficiency  was  availal>le  at  the  dredge.  The  current  was 
delivered  at  1,100  volts  to  the  transformer  and  this  was  stepped  up  to 
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22,000  volts  before  its  conduit  over  No.  6  copper  wire  3-phase  system 
to  the  dredge  transformer,  where  a  step-down  to  500  volts  was  made. 
The  turbines  have  24-inch  intake  and  30-inch  discharge,  and  the  gates 
weigh  2i  tons  each.  The  water  is  available  from  April  1  to  November 
15.  The  power  plant  cost  $50,000,  not  including  an  outlay  of  $10,000 
for  a  5-mile  pole  line,  3  copper  wires,  and  20  telephone  wires. 

The  pole  line  was  built  by  conti-act  requiring  that  the  poles  should 
be  6  inches  in  diameter  at  top,  24  feet  above  and  5  feet  below  the 
ground,  and  that  timber  should  be  cut  for  a  width  of  40  feet,  all  at  a 
cost  of  $2,250  for  7  miles. 

A  general  view  of  the  dredge  is  shown  in  PI.  XXVIII,  A.  The 
cost,  installed  on  the  ground,  was  $200,000.  It  is  of  the  close-connected, 
3-foot  bucket,  single-lift  type,  arranged  with  trommel  and  pivoted 
sluice  box,  and  tables  carried  on  separate  float.  This  type  of  dredge 
was  considered  necessary  on  account  of  the  presence  of  coarse  gold  in 
the  deposit.  That  by  all  dredging  engineers  the  occurrence  of  coarse 
gold  is  not  thought  prohibitive  of  the  use  of  the  stacker  dredge  is  appar- 
ent from  Mr.  Hutchins's  remarks  on  this  subject  (see  pp.  173-190). 
The  arranging  of  the  entire  tail  sluice  to  turn  in  an  arc,  opemted 
by  stem  lines,  permits  the  distribution  of  the  dump.  The  system  of 
digging  is  against  a  spud  and  not  a  headline.  Operations  had  only 
begun  when  the  dredge  was  visited;  its  estimated  capacity  is  2,500 
cubic  yards  in  twenty-four  hours,  digging  to  an  average  depth  of  44 
feet-  The  dredge  is  equipped  with  5  motors,  and  a  total  of  200  horse- 
power is  used.     The  total  weight  is  400  tons. 

The  hull  was  built  in  a  pit  on  the  ground,  of  Vancouver  fir,  and 
afterwards  floated  in  the  pond  shown.  It  has  a  draft,  loaded,  of  3i  feet, 
and  is  90  by  36  feet  in  dimensions. 

The  winches  are  controlled  b}^  levers  directly  above  in  the  pilot 
house  on  the  starboard  side  of  the  upper  deck.  The  7  drums  operate 
the  4  side  lines,  main  ladder  line,  and  2  spud  lines. 

The  digging  ladder  is  90  feet  long,  3  feet  wide  and  2  feet  deep  in 
the  center,  and  is  braced  by  steel  trusses.  The  tumblers  are  of  pentag- 
onal form  and  of  steel,  with  manganese  steel  plates  riveted  on,  with 
8-inch  shaft.  There  are  96  buckets  that  hold  3  cubic  feet  each,  have 
the  shape  shown  in  PI.  XXVIII,  B^  and  are  equipped  with  manga- 
nese steel  lips,  pins,  and  bushings.  As  shown  by  PI.  XXVIII,  A^  a 
bowlder  weighing  1,500  pounds  rode  one  of  the  buckets  and  was  taken 
oflT  on  the  upper  deck.  The  buckets  will  dig  40  feet  in  front  of  the 
bow,  and  a  bank  8  feet  above  water  can  be  handled.  The  rate  of  wear 
in  bucket  lips  had  not  been  determined.  A  nozzle  is  used  to  clean  the 
buckets  as  they  pass  the  upper  tumbloi-.  No  save-all  is  used.  The 
sprocket  wheels  and  chain  are  of  steel,  the  diameter  of  the  upper^ 
wheel  being  10  feet. 
Bull.  263—05 U 
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The  motors  are  of  the  following  rated  capacity: 

Horsepower. 

For  digging 100 

For  10-inch  centrifugal  pump 50 

For  6-inch  centrifugal  pump 20 

For  screen 20 

For  raising  ladder  and  operating  lines 30 

The  gravel  is  raised  27  feet  above  the  water.  The  trommel  is  5  by 
12  feet  on  8  per  cent  grade,  punched  with  holes  that  are  1^  inches  in 
diameter  in  the  upper  plate,  4^  b}'  7  inches  in  the  middle  plat« 
(enlarged  from  smaller  size),  and  4-inch  holes  in  the  lower  plate. 
Thirty-five  per  cent  of  the  material  is  oversize  and  is  dumped  directl}' 
from  the  end  of  the  trommel  into  2  side  chutes  overboard.  The  trom- 
mel has  6-inch  spmy  pipe,  supplied  by  the  6-inch  pump  with  wat^r 
under  40  pounds  pressure.  It  is  estimated  that  the  trommel  plates 
will  last  one  season. 

From  the  trommel  the  undersize  falls  directly  to  a  sluice  connected 
by  means  of  a  pivoted  box  to  the  main  sluice  in  the  auxiliary  float. 
This  sluice  is  4  feet  wide,  120  feet  long,  and  2  feet  deep,  is  of  steel,  has- 
a  grade  of  8  per  cent,  and  is  provided  with  Oroville  Hungarian  riffles 
and  grizzlies  to  allow  the  material  to  pass  to  undercurrent  tables,  which 
have  an  area  of  1,000  square  feet  (see  p.  195).  The  dump  of  the  main 
sluice  is  8  feet  above  the  water.  Two  hundred  pounds  of  quicksilver 
are  kept  in  the  sluice  and  tables. 

The  cost  of  dredging  at  this  plant  is  estimated  at  8  cents  per  cubic 
yard  for  the  capacity  above  given,  only  actual  labor,  supplies,  and 
superintendence  on  the  ground  considered. 

A  dredge  of  the  New  Zealand  type  was  operating  on  Bonanza  Creek 
in  the  Klondike  district.  It  is  shown  in  PI.  XXIX,  /?.  The  boat 
had  been  in  service  for  several  3  ears,  having  })een  first  installed 
on  Lewes  River.  It  had  then  been  towed  and  hauled  by  cables  down 
Yukon  River  to  the  mouth  of  the  Klondike  and  then  taken  apart 
and  reerected  on  Bonanza  Creek,  whore  its  operations  have  continued 
during  the  open  months  since  July  1,  1903.  A  crew  of  24  men  oper- 
ate the  dredge  and  thaw  the  gravel  in  front  of  it.  The  thawing  is 
done  by  means  of  11-foot  pieces  of  gas  pipe,  12  in  number,  driven 
vertically  into  the  ground.  The  bed  rock  here  is  a  sericite-schist  and 
the  dredge  is  said  to  clean  it  well.  The  capacity  of  the  dredge  work- 
ing under  present  conditions  is  500  cubic  3 ards  in  twentv-four  hours. 
The  bucket  line  is  equipped  with  thirtv  3J-foot  Imckets,  open  con- 
nected. The  ladder  is  50  feet  in  length  and  will  dig  28  feet  below 
the  surface  of  the  water.  At  present  the  dredge  is  digging  to  a  depth 
of  14  feet  and  8  feet  in  front  of  the  bow.  The  stacking  ladder  carry- 
ing a  steel-bucket  conve^^or  is  38  feet  long,  and  carries  all  material 
over  li  inches  in  diameter,  the  size  of  the  largest  holes  in  the  trommel. 
The  lips  of  the  digging  buckets  are  of  mangjinese  steel  and  last  four 
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months  in  use.  New  buckets  cost  $22  landed.  The  dredge  di^  on  a 
1-inch  headline  with  five-eighths  inch  side  lines,  no  spuds  being  used, 
and  appeared  to  dig  the  gravel  very  satisfactorily  after  it  was  thawed. 
There  is  not  over  2  per  cent  of  the  gravel  which  is  over  18  inches  in 
diameter.  The  hull  is  71  by  30  feet  in  dimension  and  draws  4  feet  of 
water;  55,000  feet  of  Oregon  fir  was  used  in  its  construction.  The 
bow  and  ladder  gauntrees  are  15  feet  high  and  are  built  of  timbers  12 
inches  square.  The  dredge  is  operated  by  steam  power.  One  vertical 
engine  of  50  horsepower  operates  the  dredge  exclusive  of  the  winches, 
which  employ  a  separate  10- horsepower  engine.  The  boiler  carries 
110  pounds  of  steam  and  in  twenty-four  hours  burns  3  cords  of  native 
spruce  wood,  which  costs  $10  a  cord.  The  winches  are  on  the  star- 
board bow  side,  the  winchman's  position  being  on  the  lower  deck. 

Since  the  trommel  was  built  its  length  has  been  increased  and  is 
now  about  15  feet,  with  ^'j-inch  holes  in  the  upper  plate  and  l^-inch 
holes  in  the  lower.  The  trommel  was  extended  so  that  none  of  the 
nuggets,  which  are  worth  from  $12  to  $200,  would  be  lost.  The 
trommel  distributes  the  fines  to  8  tables,  42  by  30  inched  in  dimensions 
(see  PI.  XXIX,  A)^  the  distribution  being  regulated  by  iron  gates. 
The  tables,  fitted  with  cocoa  matting  and  expanded  metal,  have  a  grade 
of  H  inches  to  the  foot,  and  are  followed  by  2  sluice  boxes  20  feet 
long  by  2  feet  wide,  with  angle-iron  riflies,  which  discharge  at  the 
stern,  as  shown  in  the  illustration.  An  inevitable  difficulty  with  the 
dredge  is  the  banking  up  of  this  material  at  the  stern.  Three  thou- 
sand gallons  of  water  per  minute  are  pumped  by  a  10-inch  centrifugal 
pump.  The  tables  are  cleaned  up  every  day;  sluices,  once  a  month. 
The  season  for  operating  is  from  May  15  to  October  1.  It  is  under- 
stood that  the  dredge  was  successfully  operated  during  the  season  of 
1904  on  ground  which  had  been  previously  drifted. 

The  cost  of  the  dredge  laid  down  originally  in  Lewes  River  was 
$125,000. 

A  shift  sheet  used  in  this  dredge,  devised  by  Mr.  J.  M.  Ehner,  is 
here  appended  and  may  be  of  interest  to  those  engaged  in  or  contem- 
plating dredging  operations. 
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Shift  sheet  of  Lewes  River  Atining  and  Dredging  Company. 

Date, . 

Number  of  shift, . 

Winchman, . 


[BULL.  263. 


Lost  time. 

Materials  used. 

Remarks. 

Hours. 

Minutes. 

Ladder  and  bucket  line 

Stacker  

Winches 

Screen ^ 

Pumps 

Lines * 

Clean  ups 

Oiling 

Boiler 

Condenser 

Line  shaft 

Engine 

, 

Character  of  ground, 

.     Total  running  time, 


Total  lost  time, 


— .     Depth  of  ground,  feet, 
Foreman, . 

No  dredging  operations  were  in  progress  in  the  interior  of  Alaska 
during  the  summer  of  1904. 

In  Seward  Peninsula  two  dredges  were  operated  in  Solomon  River 
and  two  land  dredges  were  in  operation  in  the  vicinity  of  Nome,  while 
another  dredge  was  being  constructed  in  Snake  River  near  Nome,  and 
a  dredge  was  operating  in  a  small  way  in  Niukluk  River,  1  mile  above 
(;!oun(;iL 

About  one-fourth  mile  east  of  the  town  of  Nome  a  small  land  dredge 
was  operating  on  beach  sand  in  the  maritime  strip.  The  section  on 
which  the  dredge  operated  was  12  feet  in  thickness,  and  consisted  of 
6  feet  of  beach  sand,  4  feet  of  clay,  2  feet  of  gmvel,  and  2  feet  of 
underlying  broken  schist. 

The  dredge,  which  cost  $5,500  in  Seattle,  was  operated  with  a  6- 
horsepower  gasoline  engine.  In  addition,  power  was  furnished  to  a 
centrifugal  pump,  which  had  the  suction  pipe  led  60  feet  out  into  the  sea 
water.  Eighteen  gallons  of  gasoline,  costing  40  cents  a  gallon,  were 
burned  in  ten  hours.  The  dredge  was  mounted  on  trucks  surmounted 
b}'  a  turntable,  allowing  it  to  turn  on  a  circular  track.  The  average 
capacity  was  said  to  be  200  cubic  yards  a  day.  This  represents  one 
of  the  many  attempts  which  have  been  made  to  dredge  the  Nome  beach 
sands,  none  of  which,  so  far  as  known,  have  met  with  any  success. 
This  material  is  unfrozen,  but  many  difficulties  are  encountered. 
Storms  which  render  the  beach  uninhabitable  are  causes  of  long  delay, 
and  the  attempt  to  pump  the  sea  water  is  a  cause  of  constant  trouble  on 
account  of  the  seaweed  and  wreckage  which  clogs  the  screen. 
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A  small  land  dredge  running  on  a  40-foot  track,  and  digging  a  canal 
beneath  for  the  purpose  of  laying  a  long  bed-rock  drain,  was  operat- 
ing on  Bourbon  Creek,  one-fourth  mile  north  of  Nome.  The  work 
was  in  an  experimental  stage,  and  a  large  dredge  of  the  same  type,  of 
600  cubic  yards  daily  capacity,  was  under  construction. 

A  floating  dredge  of  the  dipper  type,  with  sluices  arranged  on  a  sepa- 
rate hull,  was  under  construction  in  Snake  River,  one-half  mile  from 
Nome,  but  the  data  relating  to  it  are  not  available  for  publication. 

A  small  bucket  dredger  so  arranged  that  the  digging  ladder  can  turn 
through  an  angle  of  20°  has  been  operating  in  Solomon  River,  3  miles 
north  from  the  coast  for  the  last  two  seasons. 

In  the  operations  of  1903  a  60-foot  width  of  the  channel  of  Solomon 
River  was  worked  and  was  found  to  be  unfrozen;  the  gravel  averaged 
5  feet  in  thickness  and  rested  on  schist  bed  rock.  The  tenor  is  said  to 
have  been  $1.13  per  cubic  yard.  The  greatest  thickness  encountered 
from  the  surface  of  water  to  bed  rock  was  12  feet.  One  and  one-half 
feet  of  the  schist  bed  rock  was  taken  up  by  the  dredge.  The  bed 
rock  is  generally  soft,  but  has  hard  reefs.  The  largest  stones  found 
were  1  foot  in  diameter.  The  dredge  was  operated  by  5  men  on  2 
shifts,  the  amount  of  running  time  being  from  twelve  to  twenty  hours 
out  of  the  twenty-four.  The  men  are  said  to  have  made  a  profit, 
paying  a  royalty  of  25  per  cent  on  the  output.  The  dredge  is  of  16- 
horsepower  capacity  and  handles  an  average  of  150  cubic  yards  in 
twenty-four  hours.  The  operations  consume  two  to  three  cases  of 
gasoline  a  day,  the  average  for  fuel  being  $12.50.  The  total  expense 
is  figured  at  $30  a  day.  The  experience  with  the  pay  is  that  the  ground 
is  very  spotted,  being  in  places  rich  and  in  places  barren.  There  are 
32  buckets  of  1  cubic  foot  capacity  on  the  ladder.  A  cut  of  30  feet 
across  i^  made  in  one  setting.  The  ladder  is  made  of  4-inch  cast-iron 
pipe  and  can  be  lengthened  by  adding  pipe  and  buckets.  In  1904 
the  dredge  was  being  operated  by  2  men  on  a  shift,  one  man  running 
the  winches,  and  one  man  attending  to  the  engine  and  picking  out  the 
large  bowlders  and  throwing  them  overboard.  The  bucket  lips  are 
made  of  tool  steel. 

The  sluices  into  which  the  buckets  dump  directly  are  fitted  with 
punched-iron  screen  of  the  ''Caribou"  pattern,  described  elsewhere, 
followed  by  Hungarian  riflies.  The  sluice  is  64  feet  in  length,  23 
inches  wide,  and  12  inches  deep,  with  a  grade  of  15  inches  in  12  feet. 
The  end  of  the  sluice  is  3  feet  above  the  dock,  and  extends  6  feet 
beyond  the  end  of  the  l)oat.  Quicksilver  is  used  in  the  upper  boxes. 
Seventy-five  i>er  cent  of  the  gold  is  caught  in  the  first  6  feet,  and  the 
balance  in  the  next  8  feet.  The  tailings  are  frequently  panned,  but 
no  gold  found. 

The  description  of  this  dredge,  the  cost  of  which  should  not  exceed 
$25,000,  laid  down,  is  given  in  detail,  as  it  is  reported  on  good  author- 
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ity  to  have  been  successful  in  its  operations.  It  presents  a  strong 
confirmation  of  the  views  expressed  by  Mr.  Hutohins  concerning  the 
advisability  of  installing  prospecting  dredges  for  Alaska  practice. 

During  the  season  of  1903  and  1904  a  dredge  of  the  dipper  type  was 
operated  in  Solomon  River,  near  the  one  above  described.  The  dredge 
was  constructed  originall}'  with  a  stacker,  but  this  system-  yfos  aban- 
doned and  a  separate  hull  was  built  on  which  a  hopper  and  sluice  were 
erected. 

The  dredge  cost  $33,000  on  the  ground,  and  weighs,  barges  and  all, 
400  tons.  It  is  equipped  with  one  yard  dipper,  which  digs  three-fourths 
cubic  yard  of  material  each  time  on  an  average.  During  1904  the 
dredge  was  in  operation  fifty  days  of  twenty  hours  each,  and  handled 
21,000  cubic  yards,  or  an  average  of  420  cubic  yards  a  da3\ 

The  ground  dredged  is  9i  feet  in  average  depth,  and  was  all  handled 
by  the  dipper.  No  permanent  frost  was  found  in  the  river  bed,  but 
the  annual  frost  did  not  leave  the  ground  until  July  15,  delaying  the 
commencement  of  operations  until  that  date.  Thirty  days  at  the  end 
of  the  season  were  lost  on  account  of  the  breaking  of  the  main  cable 
operating  the  dipper,  and  there  was  no  chance  to  repair  it. 

The  experiences  with  the  ground  in  this  dredging  operation  were 
especially  interesting.  It  was  found  that  in  places  the  gravel  in  the 
river  itself  was  frozen  all  summer.  On  July  20  there  were  7  inches 
in  depth  of  frost  within  2  feet  of  the  surface.  This  disappeared  with 
the  first  heavy  rain.  The  dipper  cleaned  the  bed  rock  successfully 
where  it  was  black  schist.  Where  the  bed  rock  was  limestone  the 
ground  was  drifted  in  the  winter  with  nmch  more  satisfactory  results 
than  the  dredging  gave. 

The  dredge  employed  in  the  two  shifts  seven  men,  at  $7  a  day,  and 
one  man,  at  $9.50  a  day,  without  board.  In  twenty  hours  3  tons  of 
coal,  costing  $26  per  ton,  were  consumed. 

The  cost  of  dredging  in  1904,  including  repairs  to  and  maintenance 
of  plant,  was  50  cents  per  cubic  yard.  As  in  the  case  of  the  small 
dredge,  the  pav  over  a  width  of  200  feet,  which  was  worked  in  places, 
was  found  to  be  spotted,  varying  from  30  cents  to  $12  to  the  cubic 
yard. 

It  is  said  that  the  clay  in  the  gravel  prevented  the  water  from  sluic- 
ing gold  from  the  bottom  of  the  dipper,  and  tests  showed  that  a  saving 
of  95  per  cent  wius  made.  The  sluice  was  paved  with  Hungarian  rifile.s, 
and  quicksilver  was  used. 

The  general  opinion  expressed  by  these  operators  was  that  dredges 
having  a  capacity  of  not  to  exceed  1,000  cubic  yards  daily  will  pay 
in  Solomon  and  similar  rivers  of  Seward  Peninsula  if  operated  by 
electricity  generated  from  a  central  water-power  plant.  The  employ- 
ment of  gravity -sluicing  water  was  made  a  necessary  condition.     While 
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this  is  possible,  it  should  be  borne  in  mind  that  the  employment  of 
gmvity-sluicing  water  on  a  dredge  entails  numerous  and  largely 
untried  difficulties. 

Some  of  the  special  difficulties  actually  experienced  in  the  opemtions 
above  described  were  distance  from  any  repair  shop,  sudden  rises  of 
the  river  after  two  days'  storm  that  prevented  persons  from  crossing 
and  endangered  the  dredge,  and  repairs  which  were  necessary  at  the 
beginning  of  the  season,  and  which  included  chopping  ice  out  of  the 
inside  of  the  hull. 

The  dredge  shown  on  PL  XXX,  B^  in  Niukluk  River,  was  oper- 
ating only  in  prospecting  work  during  the  season  of  1904.  It  has 
5-foot  buckets,  open  connected.  Its  rated  capacity  is  2,000  cubic  yards 
in  twenty-four  hours,  but  the  actual  capacity  can  not  be  given.  The 
dredge  was  fitted  with  a  rubber  belt  conveyor  for  the  stacker.  This 
is  said  to  give  much  trouble,  as  when  it  begins  to  freeze  at  night  in 
September  the  belt  continually  slips.  It  was  said  that  in  previous 
operations  the  dredge  in  ten  hours  used  5  cords  of  spruce  wood,  cost- 
ing $12  a  cord,  and  handled  800  cubic  yards  of  material.  Eight  men 
were  employed  at  $7  a  day,  gross.  In  the  Niukluk  River  banks  the 
bed  rock,  which  is  schistose  limestone,  is  lOi  feet  below  the  surface, 
and  is  overlain  by  1  foot  of  moss  or  willow  roots,  ^\  feet  of  sand  or 
muck,  and  7  feet  of  rounded  river  wash  mixed  with  angular  limestone 
fragments.  Willows  grow  on  the  unfrozen  ground  and  moss  covers 
the  solidly  frozen  ground.  No  regularity  in  the  distribution  of  the 
two  is  apparent. 

The  success  of  dredging  operations  in  the  Niukluk  appears  to  be 
extremely  problematical.  So  far  as  the  physical  nature  of  the  gravel 
goes,  no  difficulty  should  be  experienced.  Frozen  areas,  hard  bed  rock, 
uneven  depth,  and  irregular  distribution  of  the  alluvial  gold  are,  how- 
ever, serious  if  not  insurmountable  obstacles  to  Che  success  of  a  dredging 
operation  which  in  a  superficial  examination  of  the  ground  may  appear 
attractive. 

COST  OF  DREDGING. 

It  is  manifestly  impossible  to  give  detailed  statements  of  operating 
expenses  in  a  work  of  this  character,  especially  when  dredging  has 
been  conducted  in  a  desultory  fashion  and  for  a  limited  period.  The 
costs  given  on  page  38  include  a  certain  amount  each  year  for  the 
amortization  Of  the  plant  and  the  ground.  Bearing  this  in  mind,  those 
having  the  slightest  familiarity  with  the  subject  will  probably  admit 
that  the  figures,  namely,  49  cents  per  cubic  yard  for  unfrozen,  80 
cents  for  frozen  ground  in  interior  Alaska,  and  43  cents  per  cubic  yard 
for  Seward  Peninsula,  are  not  excessive. 

For  purposes  of  comparison  there  is  given  the  following  statement 
of  the  cost  at  Oroville,  Cal.,  quoted  in  the  Mining  and  Scientific  Press, 
February  18,  11)05,  from  the  report  of  the  Oroville  Dredging  and 
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Exploration  Company  to  the  stockholders  for  the  year  ending  Decem- 
ber 31, 1904,  by  F.  W.  Bradley,  president.  The  figures  given  represent 
merely  operating  expenses,  and  do  not  include  allowance  for  deprecia- 
tion of  the  plants  and  of  the  ground.  It  should  be  remembered,  how- 
ever, that  even  adding  these  items  of  expense  to  the  operating  cost  per 
cubic  yard  the  number  of  yards  handled  per  season  is  so  large,  as  com- 
pared with  that  possible  in  northern  operations,  that  the  total  California 
cost  is  not  greatly  increased.  Eight  cents  per  cubic  yard  is  believed 
to  be  a  safe  estimate  for  the  present  total  cost  of  gold  dredging  at 
Oroville. 

The  table  of  lost  time-in  the  following  quotation  is  especially  inter- 
esting as  showing  that  even  under  the  favorable  California  conditions 
the  actual  dredging  time  of  a  presumably  representative  dredge 
amounted  to  only  67.2  per  cent  of  the  whole. 

DREDGING    AT   OROVILLE,  CAL. 

Our  No.  1,  or  $46,000  dredge,  made  the  following  record: 
Cubic  yards  dredged 493,150 

Cold  yield  per  cubic  yard,  $0.1232;  operating  coste,  $0.0562;  operating 
profit,  $0,067,  or $32,9a5.79 

Improvement,  taxes,  insurance,  legal,  and  all  other  working  expenses 

(except  construction  of  No.  2  dredge) , 7, 166.  88 

Surplus 25,738.91 

Our  No.  2,  or  $75,000  dredge,  should  be  ready  to  begin  work  next  month  (January, 
1905).  Figuring  on  the  data  now  available,  the  two  dredges  should  tpake  the  fol- 
lowing average  annual  record: 


Dredge  No.  1  (first  cost  $45,000) . 
Dredge  No.  2  (first  cost  $75,000) . 


Dredged. 

Cubic  yards. 
520,  000 
780,000 


Operating 
cost. 


Total  or  average 1,300,000 

Improvements,   taxes,  and  all  other  j 

working  expenses ^ 


Total 


Per  cu.  yd. 

$0. 0530 

.a5oo 


.0512 
.0088 


l*robable 
yield. 


Percu.  yd. 


Surplus. 


.0600  '      $0,095 


$0,035 


Or  a  yearly  surplus  of  $45,500.  Our  prospect  information  indicates  that  after  reject- 
ing that  portion  of  our  land  of  doubtful  value  the  property  should  have  a  life  of 
from  thirteen  to  fourteen  years  at  the  above  estimated  rate  of  dredging. 

C.  H.  Munro,  superintendent,  makes  a  detailed  report  of  the  company's  opera- 
tions, from  which  the  following  is  taken: 

KitracthtK — The  prospect  value  of  the  area  dredged,  based  on  the  average  value 
of  the  holes  in  and  near  the  dredged  area,  was  16.64  cents.  The  extraction  table 
herewith  attached,  which  is  computeil  on  these  figures,  makes  the  extraction  74  per 
cent  of  the  j)r()SiH'ct  value. 

The  extraction  amounttKi  to  76.37  i)er  cent  of  the  prosi)ect  value,  based  on  the 
proportional  or  fractional  areas  as  influenced  by  each  prospect  hole. 
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It  would  therefore  be  fair  to  call  the  extraction  75.18  per  cent  of  the  prospect 
value,  which  is  the  average  of  the  two  methods  of  computation  above  referred  to. 

During  the  year  just  ended,  Biggs  No.  1  dredged  11.85  acres,  handling  493,150 
cubic  yards,  which  yielded  a  gross  bullion  return  of  $60,738.52,  or  an  average  yield  of 
12.32  cents  per  cubic  yard,  as  compared  with  a  gross  bullion  return  of  $36,525.25, 
or  an  average  yield  of  8.45  cents  per  cubic  yard  for  1903. 

Costs. — The  operating  cost  has  been  5.62  cents  per  cubic  yard,  and  the  total  cost, 
including  all  improvements,  repairs,  taxes,  insurance,  legal,  office,  and  other 
expenses  (excepting  Biggs  No.  2  construction  account),  has  amounted  to  7.06  cents 
per  cubic  yard. 

Comparing  the  capacity  of  the  dredge  and  the  cost  of  operation  for  1904  with  1903, 
the  capacity  has  increased  from  39,551  cubic  yards  per  month  to  41,096  cubic  yards 
per  month,  while  the  cost  of  operation  has  decreased  from  6.48  cents  per  cubic  yard 
to  5.62  cents  per  cubic  yard,  and  the  total  expense  from  7.71  cents  to  7.06  cents  per 
cubic  yard. 

The  bullion  yield  has  increased  from  8.45  cents  per  cubic  yard  to  12.32  cents  per 
cubic  yard. 

Repairs. — Aside  from  the  ordinary  repairs  on  the  dredge,  a  new  revolving  screen 
was  installed  at  a  cost  of  $1,600,  and  the  l-horsepower  motor  used  for  priming  the 
water  pumps  and  cleaning  up  was  replaced  by  a  3-horsepower  motor  at  a  cost  of 
$127.55. 

FMine  repairs. — During  the  floods  last  February  500  feet  of  the  flume  and  trestle 
were  washed  away.  The  rebuilding  of  the  flume  and  trestle  and  repairs  at  the  pump 
station  cost  $357.40. 

Jmprorements. — The  blacksmith  shop  equipment  has  been  enlarged  at  a  cost  of 
$547.45  by  installing  a  5-hor8epower  motor,  with  transformer,  a  forge,  blower,  emery 
wheels,  grindstone,  and  small  drill  press. 

Biggs  No.  2  construction. — The  hull  of  Biggs  No.  2  is  completed  and  the  dredge  was 
floated  the  first  of  the  year.  The  contractors  are  now  installing  the  machinery,  and 
the  dredge  will  probably  be  ready  for  operation  about  the  middle  of  February,  1905. 


Bullion  table. 


Month. 


Cubic  yards  I 
dredged. 


I 


January 

February 

March 

April 

May 

June 

July 

August 

September I      41,600 

October '       48,460 

November '       40, 300 

December '      46,400 


20,340  I 
32,000  I 
41,160  ' 
50,760  I 
47,  700 
40,750  I 
44,380 
39,300 


Total^ravcr- 
age I    493,150 


$3, 120. 87 
3, 408. 59 
7,  732.  62 
9, 600. 10 
8,072.17 

3,  704.  36 
4,271.03 

4,  273.  31 
4,  2a5.  74 
4, 645. 08 
3, 374.  92 
4, 269.  73 


60,  738.  52 


Operating 
expenses. 


$2, 677. 00 
2, 205.  07 
2,418.94 
1,854.69 
2, 233. 41 
2, 013. 97 
2,  272.  36 
2,471.91 
2, 392. 09 
2, 620.  83 
2,  340.  96 
2,3:^1.31 


27,832.53 


L 


Yield  per 
cubic 
yard. 


Cents. 

15.  38 

10.65 

18.78 

18.91 

16.94 

9.09 

9.62 

10.87 

10.25 

9.58 

8.37 

9.20 


Operating 

cost  per 

cubic 

yard. 


Crnts. 

13.16 
6.89 
5.88 
3.65 
4.68 
4.94 
5.12 
6.29 
5.75 
5.40 
5.81 
5. 02 


12.  32 


5.62 


Operating 
profit  per 

cubic 

yard. 


2.22 

3.76 

12.90 

15.  26 

12.26 

4.15 

4.50 

4.58 

4.50 

4.18 

2.56 

4.18 

6.70 
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Extraction  table. 


[BULL.  268. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September. . . 
October 

November... 

December . . . 


Total    or 
average.. 


32.1 
22.0 

28.7 
27.0 

27.0 
21.4 

22.0 

26.0 


Dredged. 


0.40 
.90 

.89 
1.15 

1.09 
1.18 

1.25 

.93 


24.2  I  1.06 

23.8  1.27 

31.0  .81 

28.8 


S 


25.8  ,11.85 


20,340 
32,000 

41,160 
50,760 

47,J700 
40,750 

44,380 


41,600 


48,460 


40,300 


493,160 


II 

li 

3  a! 


a 

I 


3  <o 


Cts. 

15.  a5 


Per 
rent. 


100.20 
15.36       69.57 


37.70 
37.70 

16.25 
10.35 

11.45 


4.40 
5.25 

17.23 


50.00 
50.00 

104.24 
87.96 

84.02 

94.93 

230.00 
182.43 

48.58 


16.64  I    74.00 


15.38 
10.65 

18.78 
18.91 

16.94 
9.09 

9.62 

10.87 

10.25 

9.58 

8.37 


si 

0.0 

o 


Character  of  ground 
dredged. 


12.32 


I 

13.16  Cxrtirse  gravel  to  surface: 
I      dredging  across  slough. 

6.VJ9     10  feet  top  soil;  2  feet  of 
I      gravel  on  bed  rock ;  hard 
digging. 

5.88  10  feet  soil;  gravel  coarse, 
and  hard  digging. 

3.65  12  feet  top  soil;  15  feet 
I  coarse  gravel;  3  feet  on 
'      bed  rock;  hard  digging. 

4.68  '  12  feet  top  wil;  gravel 
I      coarse. 

4.94  10  feet  soil;  gravel  firm, 
and  sand  (>n  north  side 
of  cut. 

6.12     4    feet    top    soil;   coarse 
I     gravel  on  west  side  cut;  - 
sand  streak  on  eastside. 


6.29  I 

I 

5.75 
5.40 

5.81 


6  feet  top  soil:  sand  streak 
on  west  side  of  cut;  all 
fine  gravel;  easy  dig- 
ging. 

6  feet  top  soil;  sand  on 
west  side  of  cut;  all  fine 
gravel;  easy  digging. 

6  feet  top  soil ;  sand  in  cen- 

ter of  cut:  remainder 
fine  gravel;  easy  dig- 
ging. 

7  feet  top  soil;  east  side  cut 
in  .sand;  remainder  of 
cut  fine,  and  coarse 
gravel. 

7  feet  top  soil;  coarse  and 
fine  gravel  full  width  of 
cut. 


5.62 
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The  figures  for  the  several  items  of  expense  in  the  followmg  tables  varied  from 
month  to  month  throughout  the  year,  and  the  averages  for  the  entire  year  only  are 
given: 

Operating  and  all  other  cofds. 


Total  for  year. 


Operating  expense  Biggs  No.  1  and  superintendence !  $27, 832. 53 

General  expense,  Oroville  and  San  Francisco 1, 788. 62 

General  plant I  1,262.78 

Bullion  expense J  261. 34 

Taxes I  1,942.66 

Warehouse t  401.18 

Insurance I  460. 00 

Legal I  1,070.60 

Total '  34,999.41 

Details  of  operating  costs. 


Total  ex- 
pense per 
cubic  yard. 


Onts. 
5.62 
.36 
.26 
.06 
.39 
.08 
.09 
.21 


7.06 


Labor: 

Operative 

Repair 

Superintendence 

Power: 

Dredge 

Pumps 

Hardware: 

Supplies,  tools,  oils,  etc. 

Repair  parts,  etc 

Freight,  express,  and  hauling 

Steel  tables 

Luml)er 

Electric  supplies  and  work... 

('learing  ground 

Sundry  expenses 

Total 


Total  for  year. 


$6,435.20 
4,690.41 
1,875.00 

4, 902. 81 
68.20 

1, 109.  77 

6,  768.  23 

504.69 

336.03 

28.06 

285.67 

794.40 

34.06 


27, 832. 53 


Per  cent  of 
total. 


PtrenU. 
22.9 
16.8 
6.8 

17.7 


4.0 
24.4 

1.8 

1.2 

.1 

1.0 

2.9  I 

.1{ 


Cost  per 
cubic  yard. 


Onts. 
1.290 
.943 
.380 

1.000 
.014 

.220 
1.370 
.100 
.070 
.006 
.060 
.160 
.007 


100.0 


5.620 


Digitized  by  VjOOQ IC 


172  GRAVEL    AND   PLAOER   MIKING    IN   ALASKA.  fBULL.26d. 

Repair  table  showing  cost  of  labor  and  material  on  different  parts  of  the  dredge. 


Total  for  year. 

Grand  total. 

Ladder: 

Labor 

$492.63 
596.43 

1,328.07 
3, 237. 35 

894.66 
1,125.04 

138,73 
84.05 

772. 42 
1,498.57 

125.50 
16.80 

311.80 
541.59 

333.43 
361.48 

152.03 
74.71 

800.  56 
1,307.59 

Material 

$1,089.06 

Bucket  line: 

Labor  

Material 

4, 565. 42 

Stacker: 

T^^bor  .    .    , . 

Material 

2,019.70 

Winchee: 

Labor  

Material 

222.78 

Screen: 

T4ibf>r 

Material 

2,220.99 

Pumps: 

Labor  

Material 

142.  30 

Power: 

Labor  

Material 

853.  39 

Lines: 

Labor , 

Material 

694.91 

Gold  tables  and  clean-upe: 

Labor  

Material 

226.74 

Contingent  repairs: 

Lal>or 

Material 

2, 108. 15 

Table  of  lost  time. 


Ladder per  cent. .     10.  7 

Bucket  line do. . .     20.  5 

Stacker do. . .     10.  7 

Winches do. . . 

Screen do. . . 

Pumps do. . . 

Power do. . . 

Lines do. . . 

Clean-up do. . . 


3.5 
9.9 
2.6 
7.9 
9.0 
3.5 


Other  causes do. . .     21. 7 
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Total  lost  time per  cent. .     32. 8 

Dredging  time do...     67.2 

Average  number  of  cubic  yards  dredged  per  day  of  running  time 2, 005 

Actual  average  number  of  cubic  yards  dredged  per  day  of  twenty-four  hours. .  1, 347 

Summary  of  costs  in  cents  per  cubic  yard,  1904' 

Dredge  crew  and  power J^.  69 

Re])air  labor 94 

Repair  supplies 1. 61 

Superintendence 38 

Oroville  and  San  Francisco  general  expense 36 

Taxes  and  insurance 48 

Bullion  expense 05 

Grand  total,  all  costs 6.51 

For  three  $45,000  dredges  these  items  would  have  been  as  follows: 

Dredge  crew  and  power 2. 69 

Repair  labor 66 

Repair  supplies 1. 61 

Superintendence 17 

Oroville  and  San  Francisco  general  expense 12 

Taxes  and  insurance 27 

Bullion  expense 05 

Grand  total,  all  costs 5. 57 

Mr.  J.  P.  Hutchins,  of  San  Francisco,  who  has  had  long  experience 
in  the  dredging  fields  of  Oroville  and  has  recently  worked  in  the 
Klondike,  has  courteously  furnished  for  this  report  an  account  of  the 
present  status  of  the  industry,  with  suggestions  regaixiing  the  forms 
of  dredges  most  applicable  to  Alaska  conditions. 

NOTES  ON  DREDGING. 
By  J.  P.  Hutchins. 

Dredge  mining  of  placer  gold  has  been  one  of  the  most  attractive 
fields  for  investments  of  capital  in  recent  years.  Prospecting  methods 
in  use  to  determine  the  values  of  the  areas  thought  to  be  available  for 
profitable  exploitation  by  dredging  are  not  complicated.  Until  recently 
well-drilling  machines  have  been  used  almost  exclusively  in  this  work, 
and  in  many  cases  the  results  of  such  sampling  have  led  to  large 
investments  of  capital  in  dredging  ground  and  dredging  machinery. 
These  drilling  machines  have  much  to  recommend  them.  They  are 
cheap  and  mobile,  can  be  operated  on  floating  scows  to  sample  river, 
lake,  or  sea  bottoms  (see  PI.  Ill,  A^  p.  40),  or  used  to  sample  a  deposit 
where  a  large  volume  of  water  near  the  surface  would  make  shaft 
sinking  very  costly.  Numerous  holes  can  be  drilled  in  a  short  time 
and  at  a  comparatively  small  cost.  In  many  cases  shafts  have  been 
sunk  with  the  drill  holes  for  centers,  and  the  results  of  the  two  methods 
of  prospecting  checked  well. 

It  was  first  held  that  the  results  of  dredging  could  be  relied  upon  to 
equal  about  50  per  cent  of  what  drill  prospecting  would  indicate  the 
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values  to  be.  The  disparities  were  in  part  accounted  for  by  attribu- 
ting them  to  spilling,  leakage,  faulty  discharge  of  buckets,  incomplete 
excavation  by  apparatus,  incomplete  disintegration  during  washing  in 
screening,  and  to  losses  in  the  gold-saving  apparatus.  It  seemed, 
however,  as  if  these  losses  should  be  only  about  10  per  cent,  and  the 
other  40  per  cent  was  explained  by  the  well-known  general  statement 
that  "prospecting  results  are  always  high." 

Up  to  the  time  that  considerable  areas  previously  prospected  with 
numerous  drill  holes  were  dredged,  the  results  of  drill  prospecting 
were  believed  to  be  absolutely  reliable,  making  the  allowance,,  how- 
ever, of  about  50  per  cent  for  values  to  be  recovered  b}^  the  dredge. 
After  these  areas  had  been  worked,  however,  the  dredge  managers 
found  much  to  surprise  them,  for  where  ground  had  prospected  well 
it  had  dredged  poorly,  and  vice  versa.  It  is  asserted  that  in  these 
instances  both  the  drilling  and  dredging  were  so  conducted  that  no 
great  reliabilit}'  could  be  attached  to  the  results,  but  this  explanation 
is  far  from  satisfactory. 

In  the  use  of  the  drilling  machine  to  sample  alluvion,  as  in  all  other 
prospecting,  unusual  care  must  be  exercised  to  obtain  results  that 
shall  give  a  correct  idea  of  the  values  and  of  the  other  characteristics 
of  the  ground  under  examination.  It  is  unquestionably  true  that 
careless  sampling  has  been  the  cause  of  man^^  failures  in  dredging 
operations.  The  seeming  simplicity  of  this  prospecting  method  has, 
as  in  other  apparently  simple  determinations,  resulted  in  crude  manip- 
ulation and  misleading  results.  In  some  instances  there  has  b(»en  a 
misleading  affectation  of  accuracy  in  tabulating  results  of  drill  pros- 
pecting. Careless  location  and  distribution  of  drill  holes  have  given 
faulty  results.  Nevertheless,  the  percussion  drilling  machine  is  peer- 
less for  testing  most  areas  that  may  be  available  for  exploitation  by 
the  dredging  method. 

The  drilling  machines  are  used  for  several  purposes.  It  is  necessary 
to  determine  whether  the  material  is  too  hard  to  make  dredging 
profitable,  and  for  this  purpose  drilling  machines  are  not  entirely 
satisfactory.  In  several  areas  prospected  b}'  drilling  machines  and 
thought  suitable  for  dredges  the  material  proved  to  be  so  hard  that  a 
machine  different  from  the  one  designed  was  required  for  successful 
exploitation.  If  the  prospecting  had  been  done  with  more  care  this 
unfavorable  condition  would  have  been  learned. 

Reliable  results  call  for  the  determination  of  the  presence  and  distri- 
bution in  the  vertical  section  of  any  considerable  content  of  tenacious 
clay  and  large  Ix^wlders,  and  here  again  the  drill. does  not  yield  entirely 
satisfactory  results.  The  depth  of  material  must  l>e  ascertained  and, 
where  the  bed  rock  is  a  so-called  *' false,''  the  greatest  care  is  neces- 
sary in  order  to  determine  its  position.  The  character,  hardness,  and 
roughness  of  the  bed  rock  must  be  learned,  and  the  drill  unfortunately 
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Still  leaves  much  to  be  desired  in  connection  with  this  phase  of  the 
investigation.  In  spite  of  these  drawbacks  the  percussion  drilling 
machine  has  no  superior  as  a  preliminary  means  of  prospecting  allu- 
vions thought  to  be  suitable  for  working  by  the  dredging  method,  and 
this  is  particularly  true  where  large  volumes  of  water  may  be  encoun- 
tered near  the  surface.  The  sinking  of  shafts  is  to  be  preferred,  how- 
ever, where  not  too  costlj\ 

In  several  projects,  where  a  large  expenditure  of  money  is  in  con- 
templation, so-called  prospecting  dredges  have  been  used.  These 
machines  are  small  but  complete  dredges,  and  perform,  on  a  small 
scale,  the  functions  of  the  ordinary  type.  Their  design  is  such  that 
they  may  be  readily  moved,  for  they  are  equipped  with  lightly  con- 
structed machinery  and  hulls  and  are  of  light  draft.  If,  as  is  fre- 
quently the  case,  the  area  to  be  prospected  is  traversed  by  a  river  or 
sloughs,  such  a  light  dredge  is  easily  moved  from  place  to  place. 
Where  there  are  no  waterways,  a  still  smaller  dredge,  to  be  moved  on 
rollers  or  skids,  can  be  employed. 

Though  the  cost  of  installation  and  operation  of  such  prospecting 
dredges  is  considerably  more  than  that  of  drilling  machines,  the  relia- 
bility of  the  results  will  often  justif v  the  additional  expenditures,  par- 
ticularly where  large  areas  are  being  prospected.  By  their  use  the 
values  per  cubic  yard,  chara<»ter  of  material,  presence  of  large  bowl- 
ders and  clay,  and  depth  and  character  of  bed  rock  can  be  accurately 
ascertained.  There  is  an  additional  advantage  of  great  importance 
in  the  fact  that  the  cost  of  operating  a  large  dredge  can  at  the  same 
time  be  closely  determined. 

The  number  of  gold  dredges  in  successful  opemtion  in  the  United 
States  has  greatly  increased  during  the  past  decade,  and  esi>ecially  in 
the  last  six  years.  The  first  successful  one  was  operated  at  Bannock, 
in  Montana,  and  was  of  the  so-called  ^'  double -lift "  type.  The  material 
was  excavated  by  a  chain  of  buckets  and  discharged  from  an  eleva- 
tion of  about  15  feet  above  the  deck  into  a  tronunel,  which  had  per- 
foi-ations  about  5  inches  in  diameter.  Stones  of  larger  diameter  were 
discharged  over  the  side  of  the  dredge;  the  *' fines"  were  elevated  by 
a  12-inch  centrif  rugal  dredging  pump  to  a  sluice  and  discharged  about 
100  feet  astern.  This  type  of  dredge  is  still  advocated  by  some  mana- 
gers, and  un(|uestionably  has  a  number  of  advantages  over  other 
types.  It  is  esi>ecially  good  for  handling  material  which  has  a  clay 
contt?nt  or  which  is  so  tenacious  that  gold  is  lost  by  incomplete  disin- 
tegration and  insufficient  washing  in  the  screens  and  sluices  of  the 
other  types  of  gold  dredges.  The  passage  of  the  fines  through  the 
centrifugal  pump  of  the  double-lift  dredge  tends  to  disintegrate  the 
material  thoroughly  and  to  completely  liberate  any  particles  of  gold 
held  in  clay  or  other  tenacious  substances. 
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The  particular  problem  at  Bannock  was  to  evolve  a  dredging  pump 
to  stand  the  wear  and  tear  of  handling  the  fines  of  about  2,000  cubic 
yards  every  twenty -four  hours.  The  first  pump  was  worn  out  after 
seventy  hours'  use,  but  another  of  excellent  construction,  designed  by 
the  dredge  manager,  was  installed  and  used  for  several  years.  After 
a  seven  months'  run,  when  the  fines  of  over  400,000  cubic  yards  had 
passed  through  it,  it  was  estimated  that  the  costs  of  repairs  and 
renewals  of  the  pump  had  been  only  about  $150. 

With  a  view  of  eliminating  the  dredging  pump  the  so-called  sing'le- 
lift  dredge  was  designed  by  Montana  men.  This  type  discharges  the 
material  about  28  feet  above  the  deck  into  a  trommel  with  perforations 
5  inches  in  diameter.  As  in  the  "double-lift"  dredge,  the  coarse 
material  was  deposited  over  the  side,  while  the  fines  dropped  into  a 
sluice  and  were  discharged  about  100  feet  astern.  The  greater  height 
of  discharge  of  buckets  made  a  secondary  lift  of  the  fines  unnecessary. 
This  form  of  construction  introduced  a  new  set  of  problems,  as  the 
higher  position  of  the  upper  tumbler  necessitated  longer  ladders,  more 
and  heavier  buckets  in  a  longer  bucket  chain,  larger  hulls,  and  heavier 
construction  throughout.  Some  of  the  first  "single-lift"  dredges 
were  very  unstable  because  of  the  high  position  of  center  of  gravity. 
This  type  of  dredge  is  now  in  more  general  use  than  the  "double-lift " 
machines. 

The  dredge  which  had  been  used  so  Successfully  in  New  Zealand 
was  not  introduced  into  the  United  States  until  after  the  extensive 
operation  of  these  two  types.  The  first  New  Zealand  dredge  was 
installed  in  the  Oroville  district  of  California,  and  after  a  few  modifi- 
cations to  suit  local  conditions  was  and  is  still  operated  successfully. 
This  was  followed  by  the  building  of  a  number  of  similar  dredges  in 
California,  Colorado,  Idaho,  Oregon,  Montana,  and  elsewhere  (see 
Pis.  XXX,  A,  and  XXXI,  B). 

These  dredges  were  essentially  different  in  design  and  manipulation 
from  those  of  the  double  and  single  lift  types.  While  the  bucket 
of  the  New  Zealand  type  was  evolved  entirely  for  gold-dredging  pur- 
poses, the  bucket  previously  used  in  this  country  was  but  a  slight 
modification  of  the  one  used  for  harbor  and  canal  dredging.  In  both 
types,  but  more  notably  in  the  bucket  evolved  in  harbor  and  canal 
dredging,  the  first  made  were  deficient  in  the  strength  of  the  digging 
apparatus. 

The  New  Zealand  t^-pe  of  gold  dredge  discharges  the  material  about 
16  feet  above  the  deck  into  a  trommel,  the  largest  perforations  of 
which  are  about  one-half  inch  in  diameter.  A  stacker  (see  PI. 
XXXI,  JS)  made  of  a  chain  of  steel  buckets  elevates  all  material  not 
passing  through  perforations  of  trommel  and  discharges  it  astern  of 
the  dredge  at  a  height  sufficient  to  allow  for  the  expansion  of  the 
tailings.     The  fines  pass  over  the  gold-saving  devices  and  are  dis- 
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/i.     STACKER,   NEW  ZEALAND  TYPE  OF   DREDGE.   CALIFORNIA   NO.   1. 
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charged  about  10  to  15  feet  astern  of  the  dredge.  On  the  double  and 
single  lift  dredges  no  stackers  were  necessary,  because  the  larger  per- 
forations of  the  trommels  allowed  the  comparativel}'  small  percentage 
of  stones  to  be  discharged  over  the  side  without  shoaling  the  water 
too  much. 

The  gold-saving  apparatus  introduced  with  the  New  Zealand  type 
was  also  essentially  different.  The  hydraulic  mining  undercurrent, 
which  is  a  wide  sluice  with  steep  grade,  and  which  spreads  the  material 
over  a  broad  surface  in  a  shallow  sheet  after  all  stones  of  diameter 
greater  than  2  inches  have  been  removed  by  a  grizzly,  was  evolved 
in  California  but  had  been  successfully  used  in  New  Zealand  in  hydrau- 
lic operations.  A  very  slightly  modified  form  of  this  device  was  used 
on  a  number  of  the  dredges,  with  the  difference  that  cocoa  matting 
instead  of  riffles  charged  with  quicksilver  was  used  to  catch  the  gold 
(see  PI.  XXIX,  A,  p.  1(52). 

The  double  and  single  lift  gold  dredges  depended  principally,  and 
in  some  cases  entirely,  on  a  compamtively  narrow  sluice  with  riffles 
charged  with  quicksilver.  The  material  passed  over  the  riffles  in  a 
deep  sheet,  a  condition  not  conducive  to  a  high  percentage  of  saving, 
where  the  gold  is  in  the  form  of  very  finely  divided  particles. 

There  is  a  marked  difference  in  the  manipulation  of  the  several 
types  of  dredges.  The  New  Zealand  boat  in  digging  is  held  to  the 
face  of  the  bank  by  a  headline  run  out  over  the  bow  to  an' anchorage, 
and  the  buckets  are  lowered  in  a  vertical  plane,  the  material  being 
caved  by  undermining  at  the  bottom.  The  other  types  are  held  to 
the  face  by  a  pivotal  stern  spud  (see  PL  XXXI,  A)^  the  buckets  being 
side  fed  horizontally  through  an  arc  of  120  .  The  cut  is  begun  at  the 
surface  and  the  digging  ladder  lowered  about  1  foot  at  the  comple- 
tion of  each  arc,  no  attempt  being  made  to  undermine  or  cave  the 
material  excavated. 

Several  shovel  dredges  were  built  at  Oroville  at  about  the  time  the 
New  Zealand  type  was  installed.  On  these  the  hydraulic-mining 
undercurrent,  almost  the  same  as  that  of  the  hydraulic  miner  in  Cali- 
fornia, and  a  shaking  screen,  similar  in  action  to  the  rocker  of  the 
early-day  California  miner,  are  used.  Belt  stackers  were  also 
installed.  The  shovel  dredges  proved  costly  of  operation  and  have, 
with  few  exceptions,  been  discarded. 

Next  in  order  of  development  came  a  dredge  with  the  bucket 
evolved  in  canal  and  harbor  dredging.  The  machine*  v»c4S  very  much 
strengthened,  however,  and  was  provided  with  shaking  screen,  belt 
stacker,  and  hydmulic-mining  undercurrents,  called  gold-saving 
tables."  In  this  type  is  found  a  combination  of  the  better  features  of 
the  double  and  single  lift  and  shovel  gold  dredges.  Small  buckets 
were  first  used,  but  the  tendency  had  been  toward  increased  capacity. 
This  dredge  was  an  improvement,  but  it  had  a  fault  common  to  all  the 
Bull.  263—05 12 
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dredges  at  that  time  and  «till  often  found — a  lack  of  coordination  of 
capacity  in  the  four  processes  of  which  gold  dredging  consists,  namely, 
excavating,  screening,  sluicing,  and  tailing. 

The  next  improvement  was  the  building  of  a  dredge  in  which  coor- 
dination of  capacities  received  more  attention,  for  in  this  the  screens, 
tables,  stacker,  and  pumps  were  enlarged.  It  was  designed  to  work 
either  on  spud  or  headline,  with  a  slightly  higher  discharge  of  material 
to  permit  of  a  greater  elevation  of  coarse  tailings  and  a  stacking  of 
them  at  a  distance  from  the  stern.  The  pivotal  spud  was  placed 
inboard  so  as  to  make  the  digging  and  the  tailing  arcs  of  more  equal 
lengths  when  working  on  a  spud.  The  difficulties  encountered  when 
these  arcs  were  of  very  unequal  length  were  thus  eliminated.  The 
disposition  of  the  tailings  had  formerly  been  a  continual  source  of 
difficulty  and  expense,  but  this  improved  dredge  was  so  designed  as  to 
allow  both  working  on  a  headline  and  side  feeding  through  an  arc  of 
long  ]*adius.  This  permitted  the  working  of  a  wide  cut  and  the  dispo- 
sition of  tailings  without  covering  adjacent  virgin  ground,  for  pre- 
viously much  untouched  territory  had  been  wasted  by  being  covered 
with  tailings.  Impact  riffles  charged  with  mercury,  i.  e.,  those  where 
the  fines  are  dropped  to  effect  amalgamation,  and  larger  gold-saving 
areas  were  also  introduced. 

There  have  been  no  radical  changes  in  the  design  or  construction  of 
gold-dredging  machinery  of  late,  and  efforts  have  been  directed  toward 
the  strengthening  and  bettering  of  machinery  and  hull  and  the  lower- 
ing of  operating  expenses. 

The  excavating  apparatus  (see  PI.  XXXII;  PI.  XXVUI,  B,  p.  160, 
and  PI.  XXX,  B^  p.  168)  used  in  gold  dredging  has  been  very  much 
improved  since  the  first  installations.  Bucket  foniis  have  been 
modified  so  as  to  prevent  losses  by  spilling.  This  is  accomplished  by 
reducing  the  angle  made  by  the  bucket  lip  with  the  line  through  the 
centers  of  the  two  bucket  pins.  With  the  earlier  design  a  considerable 
loss  by  spilling,  except  when  buckets  were  working  at  maximum  depth, 
was  noticed.  In  the  earlier  design  the  bucket  was  long,  narrow,  and 
deep,  and  a  clean  discharge  was  not  effected,  especially  when  working 
in  sticky  or  sandy  material.  Recent  design  provides  a  short,  wide, 
and  shallow  bucket  which  discharges  more  perfectly.  The  ase  of  jets 
of  water  to  wash  any  adhering  material  from  both  inside  and  outside 
of  buckets  into  the  hopper  and  save-alls  is  now  common  and  accom- 
plishes a  considerable  increase  in  the  gold  saving.  The  capacity  of 
buckets  has  been  largely  increased,  but  the  economical  limit  has  not 
been  reached  nor  will  it  be  reached  in  the  near  future. 

With  the  increase  of  size  of  buckets  there  has  not  been  a  propor- 
tionately greater  strength,  but  this  defect  is  being  gradually  remedied. 
The  use  of  various  alloys  of  steel  in  bucket  parts,  as  well  as  in  other 
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parts  of  the  dredging  machinery  where  there  is  severe  wear  and  tear, 
has  been  in  most  cases  successful. 

The  design  of  the  upper  and  lower  tumblers  has  been  modified  and 
all  parts  subject  to  wear  are  now  easily  teplaceable.  In  earlier  instal- 
lations the  tumblers  were  of  such  design  and  construction  that  the 
wearing  out  of  one  part  sometimes  necessitated  the  loss  of  the  whole. 
Some  trouble  has  been  caused  by  the  working  loose  of  the  "wearing 
plates."  Tumblers  with  more  numerous  faces  are  now  also  used.  In 
early  practice  the  square  upper  tumbler  was  supposed  to  be  superior 
to  the  one  with  more  faces,  it  being  assumed  that  the  square  tumbler 
was  more  capable  of  firmly  holding  the  buckets  and  preventing  the 
danger  of  its  revolving  without  moving  the  bucket  chain.  The  hex- 
agonal upper  tumbler  is  now  in  successful  operation,  and  it  is  safe  to 
predict  that  heptagonal  and  possibly  octagonal  upper  tumblers  will  be 


Fig.  34.— Angles  for  upper  tumbler. 

used,  particularly  on  the  smaller  dredges.  The  objection  that  they 
will  not  hold  is  not  good.  Even  if  true,  an  arrangement  making  the 
relation  of  bucket  to  tumbler  that  of  chain  to  sprocket  would  solve  the 
difficulty.  The  use  of  the  heptagonal  and  octagonal  upper  tumblers 
introduces  a  new  set  of  problems,  involving  larger  tumblers  and  shaft- 
ing, different  arrangement  of  chute  to  hopper,  and  modified  forms  of 
save-alls.  These  modifications  are  necessary  because  of  the  resulting 
longer  period  of  discharge  of  the  bucket.  It  is  probable,  however, 
that  saving  in  wear  of  the  bucket  pins  and  bushings  due  to  le.sser  deflec- 
tion in  turning  tumblers  of  more  numerous  faces  will  compensate  for 
the  extra  expense  involved  in  construction. 

Fig.  34,  above,  shows  the  relative  size  and  different  deflection  angles 
made  by  the  buckets  in  turning  the  square,  pentagonal,  hexagonal, 
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bcptagonal,  and  oc^tagonal  tumblers  and  per  cent  of  saving  of  wear 
over  the  square  type.  The  wear  and  tear  of  bucket  pins  and  bush- 
ings is  almost  entirely  the  result  of  the  deflection  of  the  buckets  in 
rounding  the  tumblers.  A  slight  amount  of  wear  is  occasioned  by 
deflections  back  of  the  lower  tumbler  as  the. buckets  come  in  contact 
with  the  material.  These  last  deflections,  however,  would  be  prevented 
by  rollers  such  as  are  suggested  in  a  paragraph  on  page  184  discussing 
the  respective  merits  of  the  spud  and  headline. 

If,  instead  of  square  upper  and  lower  tumblers,  pentagonal,  hexago- 
nal, heptagonal,  or  octagonal  tumblers  are  used  the  saving  of  wear  of 
bucket  pins  and  bushings  would  be  approximately  40,  66^  SQ^  and  100 
per  cent,  respectively. 

There  is  but  one  serious  objection  to  the  use  of  a  lower  tumbler  of 
more  numerous  faces,  i.  e.,  greater  size  and  weight.  The  great  saving 
in  wear  of  the  bucket  pins  and  bushings  will,  when  fully  appreciated, 
result  in  the  use  of  both  upper  and  lower  tumblers  of  more  numerous 
faces.     (See  PI.  XXXIII,  A.) 

One  dredge  manager  of  much  experience  has  suggested  the  use  of 
a  round  lower  tumbler  of  large  diameter  with  buckets  of  short  pitch, 
claiming  that  buckets  seldom  lie  flat  on  tumbler  faces  when  excavat- 
ing, but  frequently  ride  the  corners  between  the  faces.  This  difficulty 
has  been  observed  by  the  writer  on  many  occasions.  A  too  rapid- 
feeding  of  buckets  resulted  in  considerable  spilling  of  material  upon 
the  buckets  about  to  round  the  lower  tumbler.  The  spilled  material 
lodged  between  the  buckets  and  the  tumbler  faces  and  destroyed,  tem- 
porarily, their  proper  relation.  The  use  of  the  round  lower  tumbler 
would  have  the  additional  advantage  of  preventing  surging  (see 
p.  184). 

Until  recently  it  has  not  been  generally  regarded  as  good  practice 
to  lower  the  digging  ladder  to  more  than  45^  from  the  horizontal 
because  of  supposed  disadvantages  in  such  manipulation.  Recent 
installations  provide  an  idler  at  the  rear  end  of  the  well  to  prevent 
the  buckets  from  dragging  on  the  chutes  and  the  save-all  gratings  as 
the  ladder  is  lowered  more  than  45^  from  horizontal.  This  device 
permits  greater  working  depths  with  a  given  length  of  ladder  and 
makes  deeper  ground  available  for  the  dredge.  PI.  XXXIII,  J?, 
illustrates  diggings  at  a  low  angle.  There  is  a  marked  divei*sity  of 
opinion  among  managers  as  to  the  relative  merits  of  the  trommel  and 
shaking  screen.  The  trommel  advocates  have  claimed  better  mechan- 
ism, cheaper  maintenance,  more  efficient  screening  when  material  is  at 
all  tenacious,  and  economy  in  ix)wer.  The  advocates  of  the  shaking 
screen  have  claimed  larger  capacity  with  given  weight,  higher  per- 
centage of  gold  saving  because  of  better  opportunities  for  amalgama- 
tion by  impact,  and  easier  and  better  distribution  of  material  over  the 
gold-saving  surfaces. 
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The  trommel  (see  PL  XXIX,  A^  p.  162)  is  a  better  mechanism, 
requires  less  power  for  operation,  and  gives  much  less  trouble  in 
maintenance  than  the  shaking  screen  and  does  cleaner  screening,  par- 
ticularly when  the  material  is  at  all  indurated  or  tenacious.  Trommels 
have  almost  without  exception  been  too  small,  and  all  late  installa- 
tions are  larger.  Amalgamation  by  impact  is  now  accomplished  by 
a  special  arrangement  of  the  gold-saving  apparatus,  and  distribution 
of  water  is  no  longer  a  difficult  problem  on  dredges  where  trom- 
mels are  used.  One  of  the  most  recent  installations  l)y  a  company 
which  has  extensively  employed  both  devices  includes  a  trommel.  At 
present  in  most  cases  the  trommel  is  in  high  favor  among  Oroville 
operators. 

Where  there  is  an  overburden  of  any  considerable  depth  the  use  of 
a  device  to  blank  the  trommel  or  screen  will  be  a  distinct  improve- 
ment. By  its  use  all  barren  material  can  be  stacked  well  back  of  dredge 
and  usually  at  a  more  mpid  rate  than  if  handled  in  the  ordinary  way. 
Overburdens,  which  it  is  always  necessary  to  dispose  of  as  quickly  and 
cheaply  as  possible,  usually  consist  of  a  fine  loam  or  sand  which  can 
be  run  but  slowly  over  the  gold-saving  devices  because  of  clogging 
when  handled  rapidly.  A  blanking  device  was  used  for  a  time  at  Oro- 
ville and  worked  well,  but,  because  of  bad  design,  required  too  much 
time  in  blanking  and  unblanking  the  screen.  Its  use,  however,  allowed 
the  beginning  of  dredging  operations,  on  interior  ground,  without  the 
use  of  a  sand  pump  and  the  immediate  excavation  to  a  depth  of  30 
feet,  with  a  consequent  minimum  wasting  of  dredging  ground.  The 
use  of  such  a  device  involves  a  large  discharge  of  material  from  screen 
or  trommel  to  the  stacker  where  a  troughed  belt  is  used.  The  incline 
of  the  stacker  must  not  be  so  steep  as  to  permit  the  material,  which  is 
often  a  thin  nmd,  to  run  back  to  the  end. 

The  use  of  a  device  to  blank  the  hopper  which  shunts  the  material 
into  the  well  has  been  tried,  but  has  not  been  entirely  successful.  In 
this  case  also,  bad  design  rather  than  bad  principle  was  responsible 
for  failure.  The  disposition  of  an  overburden  by  this  method  is  to  be 
heartily  recommended,  especially  where  dredges  work  on  headlines,  as 
they  are  thus  enabled  to  distribute  the  barren  material  across  most  of 
the  width  of  the  cut. 

The  gold-saving  apparatus,  after  many  experimental  modifications, 
including  the  introduction  of  various  magnetic  and  intricate  devices, 
has  returned  to  the  hydraulic-undercurrent  typci  with  the  mercury 
riffle.  For  saving  clean  gold  the  mercur}'  riffle  is  probably  best. 
When,  however,  for  any  reason  there  is  imperfect  amalgamation,  the 
use  of  some  form  of  woven  material  to  enmesh  particles  of  rusty  gold 
is  good  practice. 

The  increase  of  the  area  of  gold-saving  surface  has  met  with  good 
results.     Steeper  grades  are  now  used  for  gold-saving  tjibles  than  for- 
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merly,  and  arittngements  are  such  as  to  allow  a  better  distribution  of 
sluicing  water  to  various  parts  of  the  gold-saving  areas.  Gold-saving 
surfaces  are  now  generally  arranged  in  a  number  of  drops,  and  the 
material  impinges  upon  riffles  (Charged  with  mercury  and  is  amalga- 
mated by  impact. 

Much  thought  has  been  recently  given  to  the  perfecting  of  save-alls, 
and  a  surprisingly  large  amount  of  gold,  sometimes  10  per  cent  of  all 
saved,  is  recovered  in  this  way.  The  design  of  save-alls  in  the  earlier 
practice  was  somewhat  neglected,  but  in  the  general  refinement 
of  working  methods  a  considerable  improvement  is  being  effected. 
A  device  for  keeping  under  lock  and  key  parts  of  the  gold-saving 
apparatus  where  the  largest  proportion  of  gold  is  caught  has  been 
introduced. 

The  troughed  belt  stacker  seems  to  be  generally  regarded  as  supe- 
rior to  the  bucket  stacker  (see  PI.  XXXIV,  B)  because  of  greater 
economy  of  operation  and  less  weight  for  a  given  length.  Stacker 
belts  are  a  source  of  large  expenditure  because  of  the  rapid  wear  due 
to  the  insufficient  thicknass  and  inferior  quality  of  the  material  which 
covers  the  woven  part  of  belt  and  which  gives  the  belt  its  wearing 
qualities. 

Nearly  all  the  recently  installed  stackers  have  the  driving  pulley  on 
the  outboard  end,  and  electric  dredges  have  the  driving  motor,  as 
well,  on  the  outboard  end.  (See  PI.  XXXIV,  A,)  This  armngement 
has  eliminated  a  number  of  troublesome  features.  If  the  stacker  is 
driven  by  rope  or  sprocket  chain  from  a  motor  on  the  dredge,  there 
is  nmch  trouble  due  to  wear,  slipping,  and  stretching  of  ropes  and  of 
sprocket  chains.  If  the  driving  pulley  is  at  the  inboard  end  of  the 
stacker,  the  load  is  pushed  uphill  on  the  slack  side  of  the  belt,  and 
there  is  much  trouble  from  slipping  and  stalling.  A  belt  stacker 
driven  by  the  inboard  pulley  requires  more  power  than  one  operated 
by  the  outboard  pulley. 

At  one  time  it  was  generally  thought  that  when  coarse  gold  occurred 
in  the  material  dredged,  either  the  double  or  single  lift  type  of  dredge 
must  be  used.  Stacker  dredges  are  now  used  and  have  at  the.  lower 
end  of  the  trommel  perforations  large  enough  to  pass  material  up  to 
li  inches  in  diameter.  This  material  and  water  run  through  a  sluice 
where  gold  is  saved  and  are  then  deposited  in  the  stacker  buckets. 
With  such  a  device  under  ordinary  conditions  a  troughed  belt  stacker 
could  not  be  used,  as  it  could  not  handle  the  water.  Any  device  that 
would  remove  water  and  deposit  pebbles  on  the  belt  without  too  many 
complications  would  allow  the  use  of  the  belt  stacker.  (See  PI.  XXXV, 
A^  p.  184.)  It  would  not  be  expedient  to  use  a  double  or  single  lift 
dredge  where  ground  is  deep.  To  effect  disposition  of  tailings  while 
operating  the  double  and  single  lift  dredges  it  is  necessary  to  keep  the 
pond  nearly  full  and  to  use  very  long  digging  laddera 
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Stackers  and  tail  sluices  are  of  greater  length  than  formerly.  In 
early  installations,  without  a  single  exception,  stackers  and  tail  sluices 
were  too  short,  and  difficulties  due  to  improper  disposition  of  tailings 
were  of  constant  occurrence.  Considerable  areas  of  rich  dredging 
ground,  particularly  when  deep,  have  not  been  thoroughly  worked, 
and  much  virgin  ground  has  been  covered  by  tailings  to  such  a  degree 
as  to  make  it  unworkable.  The  short  stacker  does  not  allow  the  coarse 
tailings  to  be  discharged  at  a  sufficient  distance  from  the  stern  and  at 
the  proper  height.     There  is  consequently  lack  of  room  for  fine  tail- 


FiG.  35.— TailiDgs  well  stacked. 

ings.  In  consequence  the  sand  pump  was  brought  into  use,  and  the 
fines  were  discharged  in  such  a  way  that  much  adjacent  ground  was 
covered  by  them.  Valuable  dredging  ground,  even  now,  is  being 
wasted  in  this  way,  as  also  by  faulty  manipulation  of  the  dredge.  The 
tailings  have  not  been  stacked  with  enough  care  to  keep  them  well  away 
from  the  sides  of  the  cut  when  there  is  virgin  ground  on  one  or  both 
sides. 

Fig.  35  shows  the  cross  section  of  tailings  so  piled  as  to  waste  no 
ground.     It  is  assumed  that  the  side  slope  of  the  cut  is  45^,  but  this  is 


Fig.  36.— TaUiDgs  poorly  stacked. 

the  case  only  when  ground  is  very  free.  "B"  in  the  sketch  is  the 
boundary  of  the  cut  on  bed  rock.  ''A"  is  the  boundary  of  slope  to 
45^.  F  G  is  equal  to  2  F  H.  Tailings,  as  a  general  rule,  should  be 
so  stacked  that  the  distance  from  the  tailings  to  the  side  of  the  cut  at 
the  surface  of  the  water  is  about  twice  as  great  as  the  depth  to  which 
the  dredge  is  digging. 

A  cross  section  showing  the  result  of  stacking  tailings  badly  is 
indicated  in  fig.  86.  This  cut  has  been  filled  with  tailings  to  point  A', 
the  boundary  of  the  cut  at  the  surface.     In  excavating  the  cut,  of 
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which  A',  L,  K,  J  is  a  part  of  cross  section,  it  would  not  be  possible 
to  dredge  beyond  the  point  L  in  the  direcrtion  of  B'  without  having  to 
dig  tailings  in  section  B',  A',  M,  N.  If  the  material  in  the  triangular 
section  is  assumed  to  bo  loose  and  to  stand  at  an  angle  of  45^^,  angle 
A',  L,  B',  the  undredged  ground  in  section  B',  L,  A'  would  be  lost. 

At  first  the  relative  merits  in  the  use  of  a  pivotal  spud  or  a  headline 
were  considered  almost  wholl}'  from  the  standpoint  of  actual  excava- 
tion, and  the  difficulties  of  disposing  of  the  tailings  did  not  receive 
nearly  the  attention  their  importance  demanded.  In  the  opinion  of 
the  writer  the  pivotal  spud  should  be  used  onl}'  by  dredges  of  the 
double  and  single  lift  type  whose  sluices  are  sustained  by  auxiliary 
scows.  Several  di'edges  of  these  types  in  Montana,  having  broken  a 
number  of  pivotal  spuds  while  dredging  a  tenacious  material,  have 
substituted  a  system  of  rope  anchorages  which  does  not  recommend 
itself  to  the  writer,  as  it  appears  better  to  make  use  of  stronger  spuds. 
The  rigging  consists  of  four  w  ire  ropes  leading  from  a  high  frame  at 
the  stern  to  anchors  ashore.  The  pivotal  spud  appears  to  be  more 
eflfectivc  in  holding  the  dredge  when  excavating  indurated  material 
and  prevents  its  surging  and  ramming  the  bank.  Attempt  has  been 
made  to  prevent  this  movement  in  headline  dredges  by  placing  the 
buckets  closer  together  and  thus  bringing  about  greater  continuity  of 
contact  between  the  buckets  and  the  dredging  surface.  This,  how- 
ever, has  not  been  entirely  successful.  It  is  possible  that  the  intro- 
duction of  a  number  of  rollers  on  the  lower  side  of  the  bucket  ladder 
and  behind  the  lower  tumbler  would  result  in  holding  sevenil  buckets 
lirmly  against  the  material  being  excavated  and  prevent  surging,  as 
it  is  probable  that  this  movement,  in  digging  hard  material,  is  caused 
hy  the  alternate  taking  hold  and  letting  go  of  the  buckets,  as  only  one 
bucket  at  a  time  is  held  firmly  by  the  lower  tumbler.  The  buckets 
behind  the  lower  tumbler  dig  by  their  weight  only,  which  is  insuf- 
ficient to  force  them  into  hard  material.  The  use  of  some  such  device 
as  above  suggested,  if  successful,  would  probably  make  it  possible  for 
a  headline  dredge  to  excavate  indurated  material  with  the  very  impor- 
tant advantages  of  mobilit}^  and  the  better  distribution  of  tailings. 

The  use  of  lower  tumblers  of  more  numerous  faces  causes  more 
buckets  to  dig  at  a  time  and  results  in  less  surging.  It  is  possible 
that  the  use  of  a  round  tumbler  of  large  diameter  might  entirely  elim- 
inate the  surging,  for  there  would  then  be  no  raising  and  lowering  of 
the  buckets  as  there  is  during  the  revolution  of  the  tumbler  of  few 
faces. 

The  use  of  the  pivotal  spud  introduces  a  number  of  problems  in  the 
disposition  of  tailings.  The  spud  should  })e  so  located  as  to  make  the 
radius  of  the  arc  described  by  the  buckets  in  digging  as  long  as  possi- 
ble, thus  permitting  the  excavation  of  a  wide  cut — an  obvious  advan- 
tage.   This  demands  the  placing  of  the  spud  at  or  near  the  stern.    The 
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older  boats  were  provided  with  short  stackers  and  tail  sluices,  which 
resulted  in  the  narrow  distribution  of  all  the  tailings,  but  more  par- 
ticularly the  fines.  Under  these  conditions  the  stern  of  the  dredge 
was  frequently  aground,  unless  kept  clear  by  the  use  of  a  sand  pump. 
This  difficulty  has  been  remedied  to  a  certain  degree  by  the  lengthen- 
ing of  stackers  and  tail  sluices,  but  will  always  be  much  more  serious 
for  the  pivotal-spud  dredge  than  for  the  headline  dredge.  The  head- 
line dredge  can  use  the  maximuni  amount  of  tailing  area.  For  exam- 
ple, in  unusual  cases,  as  in  dredging  a  pay  streak  of  defined  boundaries, 
tailings  can  be  deposited  on  barren  ground  outside  of  the  cut.  To 
accomplish  the  same  result  with  a  pivotal-.spud  dredge  numerous 
changes  of  position  would  have  to  be  made,  an  expedient  likely  to 
result  in  much  loss  of  time  and 
some  loss  of  ground  because  of  the 
difficulty  of  relocating  the  pivotal 
points.  The  wasting  of  unworked 
ground  by  the  faulty  discharge  of 
tailings  is  well  illustrated  by  fig. 
37.  In  this  the  distance  from  the 
pivotal  point  to  the  lower  end  of 
bucket  ladder  excavating  at  the 
maximum  depth,  called  the  digging 
length,  is  90  feet.  Here  P  x  and 
P  y  represent  the  distances  from 
the  pivotal  point  to  the  point  of 
discharge  of  the  stacking  ladder 
and  are  called  "  tailing  lengths." 
Here  the  discharge  is  at  points 
marked  z  and  2',  which  are,  respec- 
tivel}^  only  18  feet  and  5  feet  from 
boundaries  of  cut,  whereas  they 
should  l)e  not  less  than  40  feet 
away,  if  the  dredge  be  digging  in 
ground  20  feet  deep.  It  also  shows 
that  in  some  methods  of  manipulation  too  long  a  stacker  is  detrimental. 
This  illustration  is  taken  from  two  dredges  now  in  operation. 

In  fig.  38  a  method  in  general  use  is  shown  to  prevent  the  covering 
with  tailings  of  unexcavated  material  adjacent  to  cut.  To  bring  this 
about  it  is  necessar}"  to  move  the  dredge  from  P  to  P'  as  often  as  the 
distances  from  C  and  C  to  ;r,  while  moving  ahead  in  excavating  arc 
A,  B,  C,  and  in  the  advancing  of  tailings  in  arc  ^,  y,  2,  l)ecome  so  short 
as  to  make  it  difficult,  as  ^  approaches  P,  and  x  approaches  P',  to 
move  to  and  dig  in  the  other  half  of  the  cut.  The  changing  of  the 
dredge  from  one  half  to  the  other  half  of  the  cut  is  generally  made 
every  few  days  and  consumes  considerable  time.     There  is,  moreover. 


Fuj. 


37.— Spud  digging  witli  tailings  piled  too 
near  unwurlced  ground. 
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the  constant  danger  of  the  dredge  not  being  located  with  the  pivotal 
point  in  the  right  place  and  thus,  when  changing  from  one  half  cut  to 
the  other,  there  is  a  consequent  loss  of  ground.  In  this  figure  it  is 
assumed  that  the  dredge  is  digging  20  feet  below  the  surface  of  a 
pond  on  a  bank  30  feet  deep. 

In  fig.  39  the  result  of  keeping  the  lines  of  advance  of  the  pivotal 
points  too  close  together  is  shown.  The  dumping  of  tailings  at  'j^  and 
X  would  result  in  grounding  the  dredge.  In  this  case  the  distances 
from  z  and  ^  to  sides  of  cut  are  unnecessarily  great.  It  is  evident 
that  if  the  lines  of  advance  of  the  pivotal  points  are  kept  too  far  apart 
ground  adjacent  to  the  cut  will  be  wasted.  In  general,  it  may  be  said 
that  where  the  material  to  be  dredged  is  free,  the  headline  method  is 


Fig.  88.— Correct  spud  digging  from  two  pivotal  spnds. 

superior,  and  also,  if  by  the  introduction  of  some  device,  surging  can 
be  prevented,  the  headline  method  would  be  superior  in  dredging 
indurated  material,  for  there  the  problem  of  the  disposition  of  the  tail- 
ings is  much  simpler.  This  permits  of  the  use  of  shorter  stacker  and 
tail  sluices  and,  therefore,  smaller  hulls  and  lighter  construction. 

There  is  a  marked  tendenc}'  now  toward  stronger  hull  construction, 
and  longitudinal  bulkheads  or  fore  and  aft  keelsons  are  often  intro- 
duced. Traverse  water-tight  bulkheads  at  the  bows  would  be  advan- 
tageous in  dredges  working  in  torrential  rivers  where  there  is  danger 
of  collision  with  floating  trees;  or,  in  rivers  like  those  in  Alaska,  where 
ice  may  be  encountered. 

In  some  instances  machinery  too  heavy  for  the  size  of  the  hull  has 
been  installed,  and,  as  a  result,  there  has  been  a  lack  of  stability  of  the 
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dredge,  with  consequent  disturbance  of  the  grades  of  the  gold-saving 
devices.  Hulls  are  now  generally  made  with  overhanging  houses, 
which  give  noore  deck  room  and  permit  of  the  location  on  board  of  a 
small  though  very  convenient  shop.  The  crowning  of  decks  has 
resulted  in  cleaner  and  drier  dredges. 

Stronger  gauntrees  have  been  introduced  in  the  late  installations. 
The  bow  gauntree,  at  first  considered  merely  as  a  support  for  the  out- 
board end  of  the  digging  ladder,  is  made  much  heavier,  as  it  is  now 
designed  also  to  tie  together  the  bow  pontoons. 

The  main  gauntree,  on  which  are  sustained  the  upper  tumbler  and 
its  driving  gear  and  the  inboard  end  of  the  digging  ladder,  is  made 
much  stronger  than  formerly,  particularly  when  the  upper  tumbler  has 
a  gear  drive  and  a  good  alignment  becomes  therefore  essential.     In 


Fio.  39.— Sketch  shovrlng  danger  of  grounding  boat  in  tailings  when  pivotal  pointo  are  too  close 

together. 

dredges  recently  constructed  the  maingauntree  has  been  made  the  ver- 
tical post  in  longitudinal  and  transverse  trusses  which  tend  to  prevent 
the  distortion  of  the  hull,  due  to  the  great  weights  of  the  digging  and 
tailing  machinery,  which  are  sustained  respectively  at  extreme  bow 
and  extreme  stern.  Stern  gauntrees  have  not  been  much  modified, 
but  have  been  strengthened  and  made  somewhat  higher,  so  as  to  sustain 
longer  stackers. 

The  introduction  of  some  form  of  derrick  or  crane,  at  the  bow, 
to  move  stumps  and  other  obstructions  and  to  hoist  machinery,  is 
now  common.  The  use  of  traveling  cranes  over  driving  and  other 
machinery  is  not  so  general  as  it  should  be,  for  such  devices  save  time 
and  labor  when,  as  is  frequently  the  case,  renewals  or  repairs  are 
necessary.     The  machinery  is  now  generally  housed. 
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The  location  of  operating  levers,  controllers,  and  switches  is  still  a 
mooted  question.  Some  operators  prefer  them  on  the  lower  deck 
close  to  the  driving  machinery;  others  in  the  pilot  house,  which  is 
located  near  the  forward  end  of  the  upper  deck.  In  some  installations 
they  are  placed  in  a  pilot  house  just  aft  of  the  upper  tumbler.  With 
the  first  arrangement  the  winch  man  is  among  the  driving  machinery 
and  can  watch  it,  but  unless  he  leaves  his  station  he  sees  little  of  any- 
thing else  and  gets  a  poor  view  of  the  whole  length  of  buckets.  With 
the  second  arrangement  the  winch  man  can  se«  the  buckets  better,  all 
bowlines,  but  little  else.  With  the  third  arrangement  the  winch  man 
sees  the  buckets,  the  lines  at  bow  and  stern,  the  hopper,  the  screen, 
and  enough  of  the  gold-saving  apparatus  to  know  whether  the  riffles 
are  clear,  and  with  the  aid  of  mirrors  can  also  see  the  stacker  and  tail 
sluices.  The  objection  to  this  arrangement  and,  in  a  measure,  also  to 
the  second  is  that  the  winch  man  is  isolated  and  therefore  inaccessible 
(see  PI.  XXXV,  j5,  p.  184).  The  type  of  dredge  and  height  of  upper 
tumbler  should  determine  the  position  of  the  operating  levers,  con- 
trollers, and  the  switches,  but  in  general  it  would  appear  that  the 
advantage  would  lie  with  a  location  l>ehind  the  upf)er  tumbler. 

Loss  of  time  has  always  been  a  serious  fac^tor  in  the  use  of  gold 
dredges.  The  first  installed  in  the  United  States  opemted  less  than 
50  per  cent  of  the  time.  This  was  due  to  several  causes,  but  princi- 
pally to  the  time  consumed  in  making  repairs  and  renewals  and  the 
difficulties  brought  about  by  the  faulty  arrangements  for  disposition 
of  tailings.  Minor  causes,  such  as  lack  of  cranes  and  derricks,  can  be 
overlooked,  being  unimportant  by  comparison.  The  writer,  however, 
has  seen  the  removal  of  troublesome  stumps  consume  hours  when, 
almost  without  exaggeration,  it  may  be  said  that  minutes  should  have 
sufliced  for  this  purpose.  It  is  noteworthy  that  many  operations  are 
hampered  by  lack  of  a  sufficient  number  of  lights  for  doing  night 
work  on  or  near  the  dredges. 

All  dredges  should  be  equipped  with  devices  for  hoisting  and  mov- 
ing the  driving,  screening,  and  pumping  machinery,  but  these  are  now 
often  lacking.  The  belting,  both  for  stacking  and  driving,  has  caused 
much  loss  of  time — a  result  due  both  to  the  poor  quality  of  belts  and 
to  the  attempt  to  make  belts  do  work  for  which  the}^  were  not 
intended.  Friction  clutches,  hoppers,  and  screens  of  bad  design  and 
inaccessibility  of  parts  of  equipment  have  also  brought  about  a  serious 
loss  of  time.  This  is  specially  true  of  renewals  of  such  pans  as  baffle 
plates  of  hoppers  and  perforated  sheets  of  screens. 

Cleaning  up  also  consumes  much  time,  and  any  arrangement  that 
will  permit  continuous  running  during  clean-ups  of  riffles  charged 
with  quicksilver  will  be  of  great  value.  Of  late  some  managers  have 
employed  mther  large  crews  to  minimize  lost  time,  though  many 
dredges  are  still  operated  with  bnt  two  men  per  shift. 
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The  now  general  use  of  variable-speed  motors  on  electric  dredges 
has  had  good  results.  Constant-speed  motors  on  headline  dredges 
working  in  indurated  material  had  brought  the  headline  method  of 
dredging  into  bad  favor,  whereas  variable-speed  motors  permit  a 
chain  speed  suitable  for  indurated  material,  with  less  surging  and 
breakages.  Under  these  conditions  about  the  same  amount  of  mate- 
rial is  excavated,  as  a  slow  chain  speed  with  low  theoretical  capacity 
has  often  in  tenacious  gravel  a  greater  actual  capacity  than  a  high 
chain  speed  with  high  theoretical  capacity.  This  is  due  to  the  incom- 
plete filling  of  the  buckets  when  running  at  too  great  a  chain  speed. 

In  Alaska,  where  much  frozen  ground  is  encountered,  the  conditions 
are  not  favorable  for  the  successful  operation  of  gold  dredges,  espe- 
cially as  the  long  winter  reduces  the  number  of  working  days  to  about 
one  hundred  and  thirty  a  year.  Nearly  all  the  deposits  of  aurifer- 
ous alluvions  are  frozen,  though  some  areas,  notably  in  the  beds  of 
rivers,  are  unfrozen.  Such  unfrozen  zones  are  easily  dredged  and 
large  volumes  can  be  cheaply  handled.  The  depths  to  bed  njck  are 
moderate,  but  the  bed  rock  is  generally  unfavorable  for  easy  excava- 
tion, and  the  ground  is  characterized  by  a  great  concentration  of 
values  near  and  in  it.  Lateral  concentration  also  is  great  and  the  pay 
streaks  are  often  narrow.  High  costs  of  installation  and  operation 
are  other  drawbacks  in  regions  far  from  the  coast,  to  which  freight 
charges  are  high.  Considerable  areas  of  so-called  ''worked  out" 
ground  in  this  northern  field,  particularly  in  the  Klondike  district  of 
the  Yukon  Territory,  would  furnish  excellent  dredging  ground  if  the 
material  were  not  frozen.  Steam  thawing  now  costs  about  40  cents 
a  cubic  yard,  but  a  cheaper  method  of  thawing  would  make  much 
ground  available  for  highly  profitable  dredging.  It  is  probable  that 
if  wide  cuts  were  made  the  banks  might  thaw  as  rapidly  under  expo- 
sure to  the  sun  as  they  could  be  removed  by  the  dredge.  Another 
factor  which  may  be  of  importance  is  that  ground  which  has  once  been 
worked  does  not  freeze  to  any  great  depth.  It  is  evident  that  the  chief 
problem  of  gold  dredging  in  this  northern  province  is  in  the  thawing  of 
the  material,  for  many  of  the  other  conditions  are  favorable  for  profit- 
able exploitation  by  this  means. 

Had  gold  dredges  been  used  in  tne  North  when  the  first  mining  was 
done  on  the  richer  creeks  much  more  gold  would  have  been  recovered 
and  the  cost  would  have  been  less,  for  the  earlier  methods  were  exceed- 
ingly wasteful  and  costly.  The  overburden  of  muck  could  have  been 
easily  sluiced  off  and  the  thawing  of  the  underlying  gravels  would 
have  been  easy  when  aided  by  exposure  to  sun  and  air. 

In  this  northern  region,  bec*ause  of  the  small  vertical  section  and 
absence  of  much  fine  sand  in  the  gravels,  dredges  with  short  digging 
ladders  and  stackers  can  be  used.  This  equipment  demands  only  small, 
light  hulls  and  machinery.     Large  volumes  of  thawed  material  can  be 
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handled,  but  screening  devices  for  saving  coarse  gold  are  essential. 
Bucket  rather  than  belt  stackers  are  preferable,  for  ice  on  the  faces  of 
the  driving  pulleys  would  cause  slipping.  The  climatic  conditions 
demand  that  the  dredges  should  be  completely  housed,  and  that  those 
driven  by  electricity  should  be  equipped  with  electric  heatei's  to  sup- 
ply hot  water  to  the  gold-saving  appliances  and  thus  permit  contin- 
uing operations  after  cold  weather  has  put  a  stop  to  hydraulicking 
and  open-cut  mining. 

Open  connected  buckets  will  do  better  work  in  the  heavy  bed  rocrk 
usually  encountered  in  Alaska,  and  teeth  on  bucket  lips  will  probably 
be  effective.  The  use  of  several  powerful  digging  teeth  in  the  bucket 
chain,  instead  of  toothed  buckets,  to  excavate  heavy  bed  rock,  was 
suggested  by  a  manager  of  wide  experience,  and  has  worked  well  in 
several  instances.  A  larger  factor  of  safety  should  be  allowed  in 
deigning  dredging  machinery  intended  for  Alaska,  and  strenuous 
efforts  made  to  minimize  lost  time  in  every  feature  of  the  construction, 
so  that  full  advantage  may  be  taken  of  the  short  available  season. 

SliUICES   AND    GOIiD-SAVING    APPLIAKCES,    EXCXiUDING 
HYDRAUIilC  OPERATIONS. 

Creek  miners  in  the  Klondike  and  Alaska  placer  fields  have  met, 
with  extraordinary  vigor  and  a  considerable  amount  of  success,  the 
peculiarly  difficult  conditions  attendant  on  mining  operations  in  the 
Northwest.  Inventive  genius  has  been  called  largely  into  play,  since, 
except  in  pai-ts  of  Seward  Peninsula,  hydraulic  mining  in  working 
the  creek  deposits  is  not  practiced.  It  is  evident,  however,  to  one 
who  visits  the  Klondike  district,  that  the  methods  there  in  vogue 
for  working  the  rich  creek  deposits  have  been  developed  with  special 
attention  to  the  economical  mining  and  conveying  of  the  material  to 
the  sluice,  while  the  washing  of  the  gravel  in  the  sluice  is  not,  as  a 
rule,  conducted  with  a  view  to  the  saving  of  the  greatest  economic 
amount  of  the  gold.  Whereas  in  the  hydraulic-sluicing  methods  the 
benefit  of  long  experience  has  resulted  in  generally  commendable 
practice,  the  smaller  hand  and  mechanical  creek  opei'ations  frequently 
exhibit  gross  carelessness  in  the  matter  of  gold-saving  appliances. 

The  method  of  shoveling  by  hand  into  a  string  of  sluice  boxes  is 
naturally  the  one  first  tried  by  the  miner  in  a  remote  district,  working 
in  shallow  ground,  after  he  has  passed  the  panning  and  rocking 
stage.  In  these  operations  the  cost,  even  under  present  northern  con- 
ditions, varies  from  $1.25  to  $2.50  per  cubic  yard  (averaging  $1.63),  the 
capacity  per  man  per  shift  averaging  5i  cubic  yards.  The  most  prim- 
itive appliances  are  the  most  economical.  From  three  to  six  boxes, 
12  or  14  inches  in  width  by  12  inches  deep  by  12  feet  long,  on  a  grade 
of  6  or  7  inches  to  the  box  length,  fitted  with  6-foot  3-inch  pole  riffles 
made  of  saplings,  form  the  customary  rig  in  the  interior  where  timber 
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18  at  hand.  From  30  to  60  miner's  inches^  of  water  are  used.  Opera- 
tions of  this  kind,  where  from  three  to  twenty  men  shovel  in,  are  to 
be  found  on  all  the  gold-bearing  creeks  exploited  in  Alaska,  though 
in  the  Klondike  they  have  been  largely  supplemented  by  methods 
employing  less  hand  labor.  As  none  but  rich  gravel  can  be  so  worked, 
exigency  permits  a  loss  of  fine  gold.  It  is  rare  that  placer  miners  will 
admit  that  they  are  losing  gold,  but  it  is  safe  to  estimate  that  in  the 
interior,  where  two  to  five  boxes  are  in  use  for  saving,  and  where 
drop-oflfs  are  not  used,  or  are  only  such  as  are  caused  by  the  telescope 
connection  of  the  boxes,  from  10  to  20  per  cent  of  the  gold  lifted  into 
the  boxes  is  allowed  to  return  to  the  creek  bed. 

It  would  seem  that  heavy  losses  must  occur  in  connection  with  the 
sluicing  of  the  winter  dumps  taken  out  in  drifting  operations.  The 
strings  of  sluice  boxes  are  erected  at  as  small  an  elevation  as  possible, 
in  order  that  the  greater  proportion  of  the  material  will  not  have 
to  be  rehandled  when  the  spring  sluicing  is  done.  PI.  XXXVI,  A^ 
shows  one  method  of  dumping,  in  the  winter,  over  previously  erected 
sluices.  Boards  are  laid  over  the  sluices,  and  when  sluicing  is  resumed 
the  water  is  turned  through  the  sluice,  and,  beginning  at  the  lower 
end,  the  boards  are  successively  removed.  As  much  of  the  gravel  as 
possible  is  caved  in,  sometimes  with  the  assistance  of  a  npzzle,  and 
the  remainder  is  shoveled,  wheeled  to,  and  dumped  into  the  sluice. 
Small  bunkers  or  hoppers  are  sometimes  built  over  the  sluices,  but  no 
hoppers  of  large  capacity,  like  those  in  use  in  Plumas  County,  Cal., 
were  seen  in  the  north.  On  Anvil  Creek,  in  Seward  Peninsula,  a 
large  winter  dump  was  handled  in  this  way,  with  the  exception  that 
those  portions  which  could  not  be  caved  to  the  sluice  were  conveyed 
to  it  and  dumped  in  by  means  of  horse  scrapers.  Though  loss  of  gold 
may  be  permissible  in  primitive  operations  of  small  capacity,  it  should 
become  proportionally  less  when  larger  mechanical  installations  are 
made  and  the  capacity  of  the  plant  is  increased. 

One  of  the  early  difficulties  which  the  miner  in  the  interior  encoun- 
tered was  the  presence  of  sticky  clay  and  mud  in  the  rich  pay  dirt. 
The  difficulty  was  partly  overcome  by  the  introduction  of  the  mud 
box,  or  puddling  box,  which  was  set  in  the  middle  or  at  the  upper 
end  of  the  string.  Into  this  the  men  shoveled,  or  a  bucket  or  car 
dumped.  PI.  XXXVII,  A  (p.  194),  shows  the  form  of  the  mud  box 
used  in  the  Klondike,  and  fig.  40  shows  its  position  in  the  line  of 
boxes.  Its  grade  is  generally  made  steeper  than  that  of  the  rest  of 
the  string;  12  inches  is  common.  The  services  of  an  extra  man  as 
stirrer,  who  also  forks  out  the  large  stones,  are  required. 

Where  men  shovel  into  boxes  the  mud  box  is  used  merely  as  a 
wide  part  of  the  sluice.     In  larger  plants,  where  buckets,  cars,  or 

a  The  term  miner's  inch  used  in  this  paper  signifies  an  amount  of  water  equivalent  to  li  cubic  feet 
per  minute. 
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derrick  skips  dump  into  the  mud  box,  a  platform,  inclined  at  an 
angle  of  about  50*^,  9  feet  square,  and  built  up  of  timl»er  floored  with 
rough  scantling,  is  erected  on  the  side  of  the  box  for  the  gravel  to 
fall  on. 

The  capacity  of  the  sluice  is  cut  down  rather  than  increased  by  the 
use  of  the  mud  box,  and  the  expense  is  increased  by  the  cost  of  the 
nian.  A  greater  saving  of  gold  is  made,  but  at  best  the  operation  is 
expensive  and  of  small  and  variable  efficiency.  In  some  shoveling'-in 
operations  the  use  of  the  mud  box  is  advisable,  but  where  mechanical 
self-dumping  buckets  are  used,  it  is  possible  that  some  other  form  of 
agitator  might  be  advantageously  employed. 

The  developments  of  the  open-cut  and  drifting  methods  of  gravel 
mining  have  necessitated  an  enlarging  of  the  sluicing  capacity.     With 
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Pig.  40.— Mud  box. 

the  enlarging  of  the  capacity,  however,  there  has  not  been  a  propor- 
tionate improvement  in  the  construction  of  the  gold-saving  appliances. 
In  other  word.s,  instead  of  drawing  on  the  experience  of  the  hydraulic 
miner  and  the  dredge  miner  for  the  adoption  of  gold-saving  methods, 
the  creek  miners  of  the  Klondike  have  continued  the  method  of  the 
long,  narrow  sluice  u.sed  for  shoveling-in  opemtions,  amplifying  its 
error  and  suflfering  the  inevitable  losses  of  fine  gold  which  its  use 
entails. 

The  avemge  capacity  of  a  small  placei*  operation  where  hand  labor 
is  employed  is  40  cubic  yards  a  day  of  ten  houi-s.  Grant  that  the  nar- 
row sluice  of  36  feet  in  length  with  pole  rifiles  is  most  economical  for 
the  needs  of  such  a  mine.     Now  take  an  average  sunmier  drifting 
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plant,  where  the  gravel  is  dumped  into  the  mud  box  by  means  of  the 
cable  tram  and  self-dumping  carrier,  like  that  illustrated  in  PL 
XXXVII,  A.  The  capacity  is  175  cubic  yards  in  twenty-four  hours, 
and  the  cost  is  approximately  $1.50  per  yard.  After  it  is  hoisted  from 
the  shaft  the  material  is  elevated  to  a  height  of  25  feet  above  the  sur- 
face of  the  ground.  Water  is  pumped  to  this  height  for  sluicing. 
The  sluice  consists  of  a  mud  box  16  feet  long  and  30  inches  wide,  on 
a  12-inch  grade,  tapering  to  the  14-inch  sluice  boxes  which  follow. 
There  are  eight  of  these,  set  on  grade  of  10  inches  to  12  feet,  fur- 
nished with  pole  riffles,  which  last  three  weeks  only  and  cost  $8  per 
box  length  to  renew.  The  man  forking  in  the  mud  box  costs  $6.50  a 
day  of  ten  hours.  At  this  plant  the  gold  is  in  part  very  finely  divided, 
and  it  is  impossible  to  believe  that  the  sluice  in  use  is  operating  with 
economy. 

Proof  of  the  losses  now  going  on  in  the  Klondike  was  seen  on  a  neigh- 
boring creek.  At  a  plant  somewhat  larger  than  the  one  above  described, 
where  240  cubic  yards  a  day  were  handled  at  a  cost  of  $1  a  cubic  yard, 
a  small  undercurrent  had  been  installed,  at  the  end  of  ten  16-inch 
boxes,  12-inch  grade,  pole  riffles.  The  undercurrent  was  fed  through 
a  small  iron  grizzly,  and  consisted  merely  of  one  16-inch  sluice  box, 
12  feet  in  length,  with  a  riffle  of  cocoa  matting  and  expanded  metal. 
It  cost  $20  to  construct  this  device,  which  was  saving  an  average  of  5 
per  cent  of  the  product  each  day.  A  sample  of  the  gold  was  taken, 
and  although  some  of  it  is  too  fine  for  handling,  such  particles  as 
could  be  weighed  and  counted  gave  a  result  of  280  colors  to  the  cent, 
the  gold  being  worth  $15.60  per  ounce.  Gold  of  finely  divided  but 
never  flaky  character  was  seen  in  all  the  large  producing  creeks  of  the 
Klondike,  and  at  the  new  Fairbanks  district  of  Alaska. 

The  plants  above  referred  to  represent  the  avenge  capacity  of  the 
creek  mines  of  the  interior  of  Alaska,  where  the  hoisting  of  material, 
and  frequently  the  pumping  of  sluice  water  are  necessary.  It  costs 
from  $8,000  to  $5,000  to  rig  up  such  plants,  which  are  used  for  three 
seasons  or  longer.  To  install  a  washing  plant  in  such  a  case  as  the 
above  would  add  little  to  the  first  cost,  and  the  additional  expense 
would  probably  be  justified  by  the  results. 

Before  entering  on  suggestions  as  to  the  use  of  washing  plants,  I 
wish  to  emphasize  the  fact  that  the  methods  of  sluicing  in  use  in 
Alaska,  especially  in  the  Birch  Creek,  Fortymile,  and  Fairbanks  dis- 
tricts, and  to  a  certain  extent  in  Seward  Peninsula,  have  been,  and 
will  continue  to  be,  influenced  by  the  Klondike  developments.  Though 
many  of  the  methods  developed  in  the  Klondike  are  excellent  and  are 
worthy  of  imitation  in  any  country  where  conditions  are  similar,  at 
the  same  time  the  Alaskan  miners  should  note  the  wrong  principle  of 
the  primitive  sluice  box  which  hf^  been  continued  therQ.  ThQ  entire 
gulL  263— 05— 13 
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absence  of  screening  or  use  of  grizzlies,  other  than  the  rough,  expen- 
sive hand  method  employed,  renders  valueless  much  ground  which 
could  be  worked.  A  plant  costing  $5,000,  designed  to  thaw,  excavate, 
hoist,  convey,  and  wash  150  cubic  yards  a  day  at  a  cost  of  $1  a  yard, 
could,  by  an  addition  of  from  $500  to  $2,000  to  the  first  cost  of  the 
plant  and  an  addition  of  10  cents  per  "yard  to  the  cost  of  washing, 
recover  at  least  10  per  cent  more  value  in  gold  from  a  cubic  yard  of 
material. 

It  may  be  said  that  the  fine  gold  found  in  the  Klondike  does  not 
occur  in  the  Alaska  creeks.  This  is  disproved  by  experiments  made 
on  small  parcels  taken  from  pannings  on  the  various  creeks.  Fine 
gold  from  Fairbanks  Creek,  in  the  Xanana  district,  runs  500  colors  to 
the  cent,  the  gold  being  worth  $17.70  per  ounce.  A  small  proportion 
of  gold  from  Ophir  Creek,  in  Seward  Peninsula,  was  found  to  run 
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Fig.  41.— Modified  Caribou  undercurrent. 

170  colors  to  the  cent,  the  gold  being  worth  $18.50  per  ounce.  No 
means  of  knowing  the  proportionate  amount  of  this  gold  is  possible, 
as  with  the  methods  at  present  employed  very  little  of  it  is  recovered. 
Five  per  cent  is  considered  a  fair  average  of  the  total  gold  represented 
by  the  above  fineness  of  division.  This  gold,  which  is  not  flaky  in 
spite  of  its  fine  character,  could  easily  be  saved  with  the  proper  appli- 
ances, and  there  is  no  doubt  that  much  coarser  gold  is  lost. 

The  question  will  be  asked,  Can  a  cheap  and  eflScient  washing  plant 
be  installed,  where  gravel  must  be  elevated  by  power,  which  will  not 
add  greatly  to  the  cost,  and  the  parts  of  which  can  be  easily  and 
quickly  made  with  the  materials  at  hand? 

On  the  principle  that  gold  is  best  saved  in  the  thinnest  sheet  of  water 
which  will  carry  the  tailings  away,  it  is  evident  that  for  fine  gravel 
a  wider  sluice  is  better  than  a  narrow  one.     In  uarrQW  sluice  boxes. 
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full  or  nearly  full  of  water  running  with  great  velocity,  fine  gold  will  be 
carried  along.  Lengthening  the  sluice  will  not  help  matters.  In  fact, 
a  short  sluice  with  drops  or  undercurrent  attachment  is  frequently 
more  effective  than  a  long  sluice  without  it. 

In  a  given  case  assume  that  the  ordinary  14-incn  boxes  are  widened 
to  24  inches,  and  that  5  boxes,  with  a  grade  of  9  inches  to  the  box, 
fiMed  with  the  ordinary  sapling-pole  riffles,  as  at  present,  are  suc- 
ceeded by  3  boxes  with  the  form  of  screen  represented  in  fig.  41, 
the  grade  being  made  adjustable  by  means  of  blocking.     An  addition 
of  19i  inches  to  each  of  the  3  boxes  would  compensate  for  the  loss  of 
grade  consequent  on  the  up- 
tilting  of  the  screens.    The 
whole  drop  in  the  string  of 
boxes  would  be  103. 5  inches 
as  against  108  inches  were 
12  boxes  used  with  9-inch 
grade.   Under  the  punched 
iron  plates  riffles  of  one  or 
more   kinds  as  described 
below,  charged  with  quick- 
silver,    should    be    used. 
The  riffle  shown  in  fig.  42 
will  be  found  satisfactor3\ 
Mats,   plush,  or  blankets 
may  under  certain  condi- 
tions be  found  more  eco- 
nomical.    A  short   trans- 
verse table  following  the 
last  box,  arranged  under  a 
grizzly    from  which     the 
large  material  is  discharg- 
ed to  the  dump,  will  enable 
the  operator  to  determine 
whether  losses  are  occur-     ? 
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ring  in  the  main  sluice  and  Fio.  42.~Improyed  Hungarian  riffle  used  at  Orovllle. 

screening  boxes. 

The  above  installation  is  in  principle  a  series  of  undercurrents  com- 
bined in  the  main  sluice.  Its  advantages  of  cheapness,  adaptability  to 
conditions,  and  simplicity  recommend  it.  No  extra  power  or  water  is 
required.     On  the  other  hand,  the  use  of  the  mud  box  is  not  obviated. 

Regarding  the  use  of  punched  plates  in  working  New  Zealand 
gold-bearing  marine  deposits,  Mr.  H.  W.  Young^  says: 

The  best  size  of  perforation  for  hopper  plates  has  been  a  matter  for  experiment  by 
myself  and  others,  variations  from  one-fourth  inch  to  five-eighths  inch  having  been  put 


a  Report  of  New  Zealand  Minister  of  Mines,  1902,  p.  21. 
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to  working  tests.  It  is  proved  that  holes  of  less  than  three-eighths  inch  diameter 
unduly  limit  the  discharge  through  the  plates,  are  liable  to  choke,  and  that  there  is 
no  advantage  whatever  to  be  gained  by  their  use.  The  discharge  through  seven- 
sixteenths  inch  holes  is  sufficient  in  amount,  and  the  fine  shingle  particles  which 
pass  through  with  the  sands  and  seldom  exceed  one-fourth  inch  in  diameter  are  not 
troublesome  in  their  size  and  quantity.  In  fact,  many  consider  that  they  are  of 
benefit  in  keeping  lively  the  sands  on  the  tables.  With  holes  exceeding  seven- 
sixteenths  inch  in  diameter,  the  size  and  quantity  of  small  shingle  become  exces- 
sive, and  the  water  passes  away  so  rapidly  as  to  prevent  material  from  being  carried 
forward  over  the  plates. 

The  above  remarks  are  of  somewhat  general  application  for  the  use  of 
punched  iit^n  screens  in  any  form  of  undercurrent  where  itis  assumed 
that  a  portion  of  the  gold,  including  any  nuggets  which  may  occur, 
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Fi(i.  43.— Knlibinkn  wluioo  and  uiKlenMirront  used  in  Siberia. 

has  been  prev  iously  saved.  In  northern  de{X)sits  where  dredges  have 
been  installed,  as  in  the  Klondike  and  on  Stewart  River,  punched 
iron  screens  used  in  revolving  trommels  have  large  holes,  up  to  1^ 
inches,  even  when  a  tailings  stacker  is  used,  while  the  average  size 
in  Oroville  dredging  practice  is  three-eighths  inch. 

A  screen  installed  in  one  box  of  the  main  sluice  of  a  plant  on  Ophir 
Creek,  Seward  Peninsula,  consisted  of  a  number  of  longitudinally  dis- 
posed round  iron  rods,  acting  as  a  grizzly,  fitted  above  the  bottom 
of  the  box,  the  gold  being  saved  on  mats  below.  This  box,  which  was 
placed  at  the  end  of  a  120-foot  sluice,  was  said  to  save  much  fine  gold. 
•  When  it  is  desirable  to  introduce  the  principle  of  the  undercurrent. 
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separate  from  the  main  sluice,  the  following  device,  adapted  from  one 
used  in  Siberia,  as  described  by  Mr.  E.  D.  Levat,**  may  be  adopted. 
Its  capacity  is  given  as  172  cubic  yards  per  shift.  The  principle  of 
the  undercurrent  is  here  introduced,  but  the  discharge,  of  both  coarse 
and  fine,  is  to  the  same  heap.  This  contrivance  uses  no  power,  and 
the  method  of  handling  accumulations  of  tailings  will  be  more  expen- 
sive than  in  plants  already  in  use.  Where  the  steam  scraper  is  so 
generally  employed,  however,  as  in  the  Klondike  for  handling  tail- 
ings, the  innovation  of  the  modified  ^'kulibinka"  here  figured  (fig. 
43)  would  not  add  over  $1,000  to  the  expense  of  installation,  while  the 
efficiency  in  saving  the  values  would  be  greatly  increased. 

It  has  been  shown  that  the  Klondike  sluice  generally  necessitates  a 
man  forking.  The  object  of  this  forking  is  to  take  out  the  stones, 
from  6  to  18  inches  in  diameter,  after  their  surface  is  washed. 
Mechanical  devices  for  accomplishing  this  would  be  advantageous. 
Experience  with  gold  dredges  has  proved  that  the  revolving  screen  or 
trommel,  inside  of  which  play  powerful  jets  of  water,  accomplishes 
this  screening  process  most  successfully.  The  trommel  is,  however, 
expensive,  and  its  various  parts  and  castings  must  be  specially  made 
at  elaborately  equipped  works.  Therefore  it  is  worth  while  to  con- 
sider whether  simpler  and  cheaper  devices  will  not  accomplish  nearly 
as  good  results  for  the  Alaskan  miner. 

A  plant  to  accomplish  good  washing  results  with  sticky  clay  and 
gravel,  and  which  can  be  built  of  materials  at  hand,  is  shown  in  fig. 
44.  This  type  of  plant,  founded  on  the  idea  of  the  Siberian  pan,  has 
a  capacity  of  from  100  to  200  cubic  yards  in  ten  hours,  and  can  be 
built  in  the  winter  months.  Assuming  that  steam  power  is  already  at 
haiid,  it  requires  no  outside  material  beyond  the  iron  shoes  and  simple 
castings  and  the  punched  steel  plate  which  forms  the  floor  of  the  pan. 
Its  operation  will  require  10  horsepower,  and  if  the  material  is  con- 
veyed to  it  by  the  self-dumping  carrier,  the  services  of  two  men  are 
sufficient  to  take  care  of  the  tailings.  The  machine  will  not  only 
break  up  and  thoroughly  wash  clayey  gravel,  but  with  properly 
arranged  tables  below  will  save  the  bulk  of  the  fine  gold  which  has 
been  set  free  from  its  matrix.  The  cost  of  a  pan  of  the  dimensions 
here  figured  will  not  exceed  $2,000,  including  the  tables  and  sluices. 
The  device  for  automatically  clearing  the  bottom  of  the  pan  of  large 
stones  is  not  used  in  Siberia,  where  hand  labor  is  cheap  enough  to 
dispense  with  it,  the  large  stones  being  periodically  removed  by  the 
lifting  of  gates  in  the  periphery  of  the  pan.  The  amount  of  water 
used  in  such  a  machine  does  not  exceed  ordinarily  125  miner's  inches. 

The  dmwing  of  this  machine  is  made  diagramatically,  since  the  man- 
ner of  its  construction  will  depend  on  local  conditions.  A  four-armed 
casting,  keyed  to  the  shaft  and  bolted  to  the  horizontal  timbers,  is 
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Digitized  by  VjOOQIC 


198 


GRAVEL    AND   PLACER  MINING   IN   ALASKA. 


(bull.  268. 


adviisable.  As  used  in  remote  districtB  in  Siberia,  the  central  shaft  is 
frequently  a  wooden  beam,  and  instead  of  the  iron  shoes,  heavy  stones 
dragged  with  chains,  as  in  the  arrastre,  may  supplant  them« 

The  above  suggestions  are  made  with  reference  to  working  the  rich 
gravels  of  the  shallow  northern  placers.  Gravel  containing  less  than 
$2  to  the  cubic  yard  is  rarely  worked  by  the  method  of  the  cable  and 
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Fio.  44.— Modified  Siberian  i>an  for  handling  clayey  gravel. 

traveling  bucket.  Lack  of  natural  grade  makes  it  necessary  that  the 
miner  shall  elevate  his  material,  and  the  impossibility  of  getting  water 
under  head  makes  the  use  of  steam  power  imperative.  The  point  is 
.that  when  such  elevation  is  attained,  it  should  be  made  available  to 
thoroughly  wash  the  gravel.  At  present  this  is  not  done.  Perhaps 
the  suggestions  here  offered  may  be  of  benefit  to  some  operators. 
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In  the  construction  of  washing  plants  of  a  larger  and  more  expen- 
sive kind,  the  operator  has  the  benefit  of  the  experience  developed  in 
gold  dredging.  This  now  rather  important  industry  has  brought  into 
service  devices  for  gold  saving,  in  the  use  of  which  one  of  the  main 
objects  is  to  utilize  to  the  best  advantage  all  available  vertical  and 
areal  space. 

The  employment  of  large  mechanical  excavators  for  placer  mining 
has  a  field  in  the  Northwest.  Such  operations  necessitate  one  or  more 
permanent  washing  plants  to  receive  the  gravel  from  each  machine. 
It  has  been  demonstrated  that  the  dredge  is  the  only  form  of  exca- 
vator which  can  ecouQmically  transport  its  sluices  as  it  moves. 
Therefore  a  plant,  situated  as  safely  as  possible  with  reference  to 
danger  from  floods,  and  economically  with  reference  to  tramway, 
dump,  and  water  supply,  must  be  constructed^  frequently  at  a  consid- 
erable expense. 

The  shaking  screen,  although  it  has  received  a  thorough  trial  on 
gold  dredges,  does  not  find  as  much  favor  as  the  trommel.  It  is  not 
impossible  that  modifications  of  the  principle  of  the  shaking  screen 
and  of  the  shaking  table  may  be  developed  which  will  act  more  effi- 
ciently in  saving  gold  than  the  trommel.  Mr.  F^lix  Fran9ois^  has 
recently  figured  and  described  a  '^  shaking  sluice-box  "  system  of  gold 
saving,  for  installation  either  in  stationary  washing  plants  or  in 
dredges.  He  claims  a  very  high  percentage  of  saving,  and  as  addi- 
tional advantages  the  elimination  of  the  use  of  quicksilver  and  the 
employment  of  a  small  amount  of  water.  He  does  not  give  the  cost 
of  the  plant,  however,  nor  any  actual  results  of  its  operation  in  piuctice. 

The  use  of  the  trommel  in  a  stationary  washing  plant  is  illustrated 
in  PI.  XII,  A  (p.  80),  a  plant  erected  in  the  Klondike  in  connection 
with  a  steam  shovel  and  incline  operation.  A  short  description  of 
this  plant  is  appended,  but  it  should  be  understood  that  for  the  average 
miner  the  installation  of  such  a  plant  is  impracticable  on  account  of 
first  expense  and  the  difficulty  of  getting  the  complicated  machinery. 
The  plant  used  125  miner's  inches  of  water,  led  by  a  ditch  from  Bear 
Creek;  the  capacity  was  said  to  be  500  cubic  yards  in  ten  hours.  The 
material  elevated  to  the  platform  at  the  upper  end  of  the  trommel  was 
dumped  into  a  hopper  feeding  th^  trommel.  The  water  was  led  into 
the  lower  end  of  the  trommel  and  fed  through  a  perforated  pipe.  The 
largest  holes  in  the  revolving  screen  were  1  inch  in  diameter,  and  all 
oversizes  passed  through  and  into  the  hopper  below  the  lower  end, 
whence  the  tailings  were  hoisted  in  a  self -dumping  carrier,  on  a  cable, 
for  a  horizontal  distance  of  200  feet  and  a  vertical  distance  of  60  feet. 
The  fines  passed  over  80  square  feet  of  riffle  tables,  floored  with 
expanded  metal  and  cocoa  matting,  on  a  grade  of  12  inches  to  12  feet, 
followed  by  sluices  with  iron  Hungarian  riffles.     PI.  XII,  B^  shows  the 


a  Ball.  Soc.  de  I'lndustrie  min^nde,  vol.  8, 1894,  p.  786. 
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expanded-metal  form  of  riffle  table,  which  has  given  good  satisfaction. 
The  tnes  were,  after  passing  out  of  the  96  feet  of  sluice  boxes  follow- 
ing the  tables,  elevated  by  a.  steam  scraper  to  a  pile  200  feet  distant 
and  15  feet  high.  The  expense  of  installation  of  such  a  plant  will  be 
not  less  than  $5,000,  and  will  more  likely  be  $10,000  in  any  part  of  the 
interior  of  Alaska. 

In  arranging  a  number  of  gold-saving  tables  to  receive  the  discharge 
from  a  screen,  great  care  should  be  taken  to  distribute  the  material 
equally  to  these  tables,  so  that  the  duty  of  each  may  be  the  same. 
This  in  the  best  Oroville  practice  is  done  by  leading  a  small  sluice 
trough  from  the  main  receiving  sluice  beneath  the  screen  to  each  of 
the  tables.  In  case  of  a  second  sizing,  as  in  the  Atlin  dredge  described 
below,  the  distribution  is  necessarily  accomplished  by  a  series  of  griz- 
zlies in  the  main  sluice.  If  small  ducts  or  troughs  are  used,  they 
should  be  provided  with  gates,  the  whole  made  of  wood,  like  those 
used  for  distributing  the  pulp  to  the  tables  in  concentrating  mills. 
The  attempt  to  distribute  the  fines  directly  from  the  trommel  by  means 
of  iron  gates  is  considered  less  satisfactory. 

Riffles  for  the  saving  of  fine  gold  in  sluices  are  of  many  kinds  and 
.  are  of  very  ancient  origin.     Humboldt  (Asie  Centrale)  refers  to  the 
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Fio.  46.— Pole  riffle  fitted  with  kuives  for  breaking  clay. 

method  in  use  of  working  the  placers  of  Colchis — that  of  employing 
wool  in  the  sluices — as  a  possible  explanation  of  the  legend  of  the 
"Golden  Fleece."  It  was  in  fact  known  that  the  kings  of  Imeret  in 
the  eighteenth  century  used  wool  for  collecting  gold  in  Tskinitskali 
and  Abacha  rivers  in  the  Caucasus,  while  Turkish  gypsies  use  goatskin 
for  gold  saving  on  Belichta  River. 

The  pole  riffle  made  of  saplings,  with  or  without  strap  iron  nailed 
to  the  top,  has  long  been  in  favor  in  small  placer  operations  in  the 
United  States,  and  is  to-day  employed  in  the  primitive  shoveling- in 
operations  throughout  the  northern  territory.  An  improvement  on 
this  riffle,  simply  made,  aiding  in  the  disintegration  of  clay,  was  seen 
by  Mr.  Frank  L.  Hess  in  the  Rampart  district  of  Alaska,  and  a  sketch 
furnished  by  him  is  shown  in  fig.  45.  Small  squares  of  sheet  iron 
one-sixteenth  inch  by  2  by  2  inches  are  driven  cornerwise  into  the 
poles. 

A  development  from  the  wooden  pole  riffle  is  the  iron  or  steel  rail, 
laid  longitudinally  in  the  sluice  box.  One  type  of  rail  riffle  used  in 
Seward  Peninsula  is  shown  in  fig.  32.  It  will  be  noted  that  the  T 
lies  with  its  horizontal  extension  uppermost,  that  the  rails  are  joined 
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in  gangs  of  four,  and  that  a  locking  device  is  employed  to  prevent  the 
gangs  from  coming  up.  Rail  riffles  of  this  kind  are  primarily  intended 
for  hydraulic  operations  and  give  ^excellent  satisfaction,  but  can  be 
recommended  for  cr^k  placers  only  where  the  capacity  warrants 
expensive  installation. 

At  the  present  day  the  saving  of  fine  gold  is  receiving  marked 
attention  on  gold  dredges,  as  the  product  of  these  machines  frequently 
consists  largely  of  gold  in  an  exceedingly  fine  state  of  division. 
Fig.  42  and  PI.  XXXVII,  B^  represent  a  sluice  table  now  in  use  at 
Oroville,  Cal.  The  grade  of  the  table  on  the  dredge  at  Atlin,  British 
Columbia,  is  12  per  cent,  corresponding  nearly  to  18  inches  to  12  feet. 
These  tables  are  set  transversely  beneath  the  main  sluice,  which  is  fed 
directly  from  the  trommel,  the  main  sluice  having  a  grade  of  12  inches 
to  12  feet.  The  quicksilver  charge  of  the  sluice  and  table  is  200  pounds. 
The  largest  material  passing  over  the  sluice  is  4  inches  in  diameter, 
while  grizzlies  do  not  permit  over  i-inch  sizes  to  go  over  the  undercur- 
rent tables.  The  total  area  of  sluices  and  tables  is  from  600  to  1,000 
square  feet,  from  500  to  700  miner's  inches  of  water  being  used  for  an 
amount  of  material  which  will  probably  average  1,500  cubic  yards  per 
twenty-four  hours. 

The  type  of  riffle  here  figured  is  used  extensively  at  Oroville  at 
present  It  is  stated  by  one  of  the  operators  who  has  experimented 
with  the  gold  in  that  field,  that  from  15  to  20  per  cent  of  the  gold 
recovered  with  quicksilver,  using  this  riffle,  will  pass  150-mesh  sieve. 

The  expanded  metal  and  cocoa  matting  riffle  is  also  used  with  suc- 
cess at  Oroville. 

The  Oroville  gold  contains  a  much  larger  proportion  of  fine  colors 
than  the  northern  fields.  From  the  undercurrent  sample  of  Klondike 
gold  above  described,  assuming  that  this  represents  5  per  cent  of  the 
total  recovery,  screening  tests  app>ear  to  indicate  that  under  1  per 
cent  of  the  Klondike  gold,  and  under  2  per  cent  of  the  Fairbanks 
Creek  gold,  will  pass  150  mesh. 

The  fineness  of  the  gold  on  Sulphur  Creek  is  shown  by  the  table 
below; 

Fineness  of  gold  from  Sulphur  Creek. 
Mesb.  Per  cent. 

Under  150 1 10 

150-100 60 

100-SO *20 

80-60 10 

Moreover,  the  gold,  whatever  its  fineness  of  division,  is  generally 
round  and  shot-like  and  not  flaky.  Under  such  conditions,  in  view  of 
the  Oroville  experience,  losses  such  as  undoubtedly  occur  in  the 
northern  practice  are  inexcusable. 

The  riffle  shown  in  fig.  46  is  designed  to  hold  a  divided  sheet  of 
quicksilver.     Another  form  is  made  by  boring  li-inch  augur  holes  to 
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the  depth  of  one-half  inch.  Some  operators  claim  that  a  recurring 
quick  jar  imparted  to  the  fine  gold  tables  by  means  of  an  eccentric  or 
other  device  aids  the  saving  of  thg  gold.  The  efficiency  of  this  prin- 
ciple is  questionable. 


2  feet 

Fig.  46.— Riffle  to  hold  dividecl  sheet  of  quicksUver. 

On  the  Snowflake  claim,  a  bench  claim,  worked  by  drifting,  situated 
between  Anvil  and  Dexter  creeks,  much  of  the  gold  sluiced  from  the 
winter  dump  was  porous,  occurring  in  lumps  one  thirty-second  to  one- 
fourth  inch  in  diameter,  resembling  dentist's  gold.  A  peculiar  riffle 
shown  in  fig.  47  was  devised,  consisting  of  sawn  blocks  nailed  to  riffle 
strips. 
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Fio.  47.— Special  block  riffle  for  saving  porous  gold. 

This  riffle  used  in  14-inch  boxes,  on  8-inch  grade,  with  60  miner's 
inches  of  water,  was  said  to  be  the  only  one  of  many  tried  which  would 
catch  this  gold. 
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Fig.  48  shows  an  excellent  iron  riffle  used  in  the  smaller  sluices  of 
Seward  Peninsula  for  saving  gold  of  average  fineness.  The  castings 
are  light,  can  be  easily  handled,  and  can  be  set  in  the  sluices  so  that 
the  long  dimension  of  the  slots  lies  either  transversely  or  longitudi- 
nally.    The  longitudinal  arrangement  has  been  found  to  be  the  better. 

The  use  of  quicksilvered  copper  plates  is  not  likely  to  give  increased 
saving  in  Alaska  placer  operations.  Blankets,  mats,  or  other  fabrics 
are  not  generally  used  on  account  of  their  expense. 

Mr.  H.  W.  Young"  has  designed  for  the  Waiwhero  Sluicing  Com- 
pany, of  New  2iealand,  a  form  of  apparatus  for  the  saving  of  fine 
gold  which  is  used  in  New  Zealand  beach  deposits  where  the  gold 
is  accompanied  by  an  excessive 


amount  of  black  sand.  A  few  of 
Mr.  Young's  remarks  are  here 
quoted  : 

The  modem  fine  gold  washing  plant, 
as  oaed  on  the  West  Coast,  consists  of 
three  main  essential  parts.  The  first  is 
the  hopper  box  with  stone  shoot,  which 
receives  the  water  and  gravels  from  the 
tailrace  connecting  with  the  sluicing 
&ce,  and  separates  the  stones  and  shin- 
gles from  the  water  and  sands.  The 
second  comprises  the  **8and  box"  or 
"boil  box,"  with  its  dischaige  ducts 
and  other  accessories,  intermediate  be- 
tween the  hopper  and  the  tables.  The 
third  comprises  the  washing  tables  and 
their  accessories.  The  three  essential 
parts  deal  with  the  stuff  from  the  face, 
and  reduce  it  to  concentrated  gold  and 
heavy  sand  ready  for  amalgamation. 
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Fig.  48.— Iron-grate  riffle,  Seward  Peninsula. 


The  introduction  of  a  sand  box  or  agitation  box,  in  which  the  mate- 
rial is  kept  in  agitation  by  being  made  to  pass  over  and  under  a  system 
of  bafiie  boards  before  passing  to  the  tables,  as  described  by  Mr. 
Young,  is  of  obvious  advantage  in  connection  with  the  plant  described. 
The  principle  will  undoubtedly  be  of  use  in  some  of  the  washing  plants 
of  Alaska,  as  it  provides  a  moderate  stirring  action  without  the  use  of 
mechanical  power.  The  quantity  of  water  economical  for  such  a  plant 
as  the  one  described,  with  material  screened  to  seven -sixteenths  inch 
size  on  tables  with  a  grade  of  12  inches  to  12  feet,  is  in  the  proportion 
of  40  miner's  inches  to  each  10  feet  of  width  of  table.  As  at  Oroville, 
the  value  of  separate  ducts  from  the  feeding  or  sand  box  to  each  table 
has  been  proved. 

The  clearing  of  the  gold  from  the  accompanying  minerals  of  high 
specific  gravity  is  often  difficult.     In  the  creek  workings  on  Bonanza 

a  Report  of  the  New  Zealand  Minister  of  Mines,  1902,  p.  20. 
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Creek,  Klondike,  for  example,  of  the  total  weight  of  gravel  handled,  1 
per  cent  of  black  sand,  mostly  magnetite,  is  caught  with  the  gold  in 
the  clean-up.  In  American  Creek,  Alaska,  the  clean-ups  are  impeded 
by  the  presence  of  large  quantities  of  barite  pebbles.  In  the  Fair- 
banks district  red  garnets  and  rutile,  in  some  cases  in  quantity  up  to 
one-third  of  1  per  cent  of  the  total  material  washed,  are  caught  with 
the  gold.  In  the  Birch  Creek  district  there  is  enough  rutile  in  the 
auriferous  sand  to  cause  trouble  in  the  clean-up.  In  Seward  Penin- 
sula the  magnetite  is  in  comparatively  small  amount.  Garnets  occur 
in  the  creek  diggings  up  to  5  pounds  to  the  cubic  yard  of  gravel.  In 
the  beach  and  so-called  ^^  tundra ''  gold  sands  of  the  coastal  plain  from 
3  per  cent  up  to  as  high  as  61  per  cent  of  garnets  occur.^ 

The  use  of  quicksilver  in  the  northern  operations  of  America  is  lim- 
ited. Even  allowing  for  the  extra  expense  and  time  consumed  in  the 
use  and  recovery  of  quicksilver,  it  is  surprising  that  this  important 
agency  for  saving  fine  gold  is  not  more  generally  employed.  It  has 
been  shown  that  the  proportion  of  tine  gold  in  the  interior  fields  is 
large.  The  neglect  to  use  quicksilver  in  attempting  to  save  such  gold 
can  be  considered  only  as  a  penny-wise-pound-foolish  policy.  It  is 
needless  to  say  that  in  all  of  the  appliances  above  suggested  for  the 
saving  of  fine  gold  the  use  of  quicksilver  is  impei-ative.  Carelessness 
in  the  use  of  quicksilver,  however,  may  result  in  increasing  rather  than 
diminishing  the  loss  of  fine  gold.  According  to  Bowie,*  float  quick- 
silver containing  microscopic  gold  particles  has  been  taken  from  the 
surface  of  the  water  20  miles  from  the  place  where  the  amalgam  entered 
the  stream.  A  single  flask  of  quicksilver  is  ample  for  the  needs  of  the 
average  creek  operation  of  the  Klondike  or  interior  Alaska,  and  even 
with  wasteful  handling  would  last  a  season. 

Whether  quicksilver  is  used  or  not,  it  will  be  found  advantageous  to 
get  the  gold  and  amalgam  as  clean  as  possible  on  the  floor  of  the  sluices 
or  tables  before  removing  the  valuable  product.  The  comparatively 
small  amount  of  heavy  contrentrates  accompanying  the  creek  gold  of 
Seward  Peninsula  makes  this  possible  in  the  frequent  clean-ups  of 
the  tailrace.  Skillful  manipulation  will  accomplish  the  same  result 
in  the  interior  except  where  excessive  quantities  of  magnetite  occur. 
In  one  case  on  Bonanza  Creek,  Klondike,  the  fine  concentrates  which 
could  not  l>e  removed  with  the  magnetite  after  drying  were  skillfully 
separated  by  dry-panning. 

Black  sand  or  other  concentrates  have  occasionally  been  found  rich 
enough  to  pay  for  sacking  and  shipping  to  smelters  after  cleaning. 
Exaggerated  reports  of  high  assays  in  gold  obtained  from  black  sand 
frequently  find  credence.     Nevertheless,   whenever  this  concentrate 

a  Brooks,  A.  H..  Mendenhall,  W.  C,  Collier,  A.  J.,  and  Richardnon,  G.  B.,  Reconnaissances  in  the 
Cape  Nome  and  Norton  Bay  regions,  Alaska,  In  1900,  U.  S.  Geol.  Survey,  1901,  p.  87. 
t»  A  Practical  Treatise  on  Hydraulic  Mining  in  California,  1885,  p.  244. 
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accumulates  in  the  sluices  or  tables  in  any  considerable  amount,  it 
should  be  sampled  and  assayed  to  ascertain  the  amount  of  finely 
divided  gold  which  still  remains  in  it. 

CliEANING,  RETORTING,  AND  MEIjTING. 

If  amalgam  is  to  be  treated,  it  should  l>e  well  stirred,  either  in 
buckets  or  large  porcelain  mortars,  and  the  base  material — sand,  scraps 
of  iron,  etc. — which  comes  to  the  surface  should  be  skinmied  off. 

ThiB  residue  (which  holds  considerable  amalgam)  is  concentrated  by  washing  in 
pons  or  rockers,  and  the  concentrations  ground  in  iron  (or  porcelain)  mortars  and 
treated  with  more  quicksilver.  Any  base  material  which  floats  on  the  surface  of  the 
bath  is  melted  by  itself  to  a  base  bullion.  The  remainder  is  added  to  the  fine  amal- 
gam. The  amalgam  is  strained  from  the  quicksilver  through  drilling,  and  the  dry 
amalgam  is  retorted  in  iron  retorts.  <> 

In  cleaning  the  placer  gold,  when  no  quicksilver  is  used,  a  magnet 
inside  a  cotton  sack  passed  through  the  dust  will  remove  all  the  mag- 
netite. Minerals  of  high  specific  gravity  not  attractable  by  the  mag- 
net are  not  easily  removed  by  mechanical  means.  Rutile,  garnets,  and 
iknenite  are  examples  of  these  occurring  in  Alaska.  In  small  opera- 
tions the  gold  dust  is  roughly  cleaned  from  these  minerals  by  blowing 
and  dry-panning.  Where  the  amount  of  gold  is  considerable,  a  melt- 
ing plant  is  advisable.  In  retorting  amalgam,  small  hand  retorts  will 
in  general  be  found  adequate. 

Before  the  amalgam  is  put  in  the  retort  the  interior  is  coated  with  a  thin  wash  of 
clay,  which  prevents  the  amalgam  from  adhering  to  the  iron. 

The  amalgam  should  be  carefully  introduced  and  evenly  spread.  The  iron  pipe 
which  connects  the  back  end  of  the  retort  with  the  condenser  must  be  clear  of  all 
obstructions,  and  under  no  circumstances  should  the  amalgam  be  spread  so  that  the 
pipe  can  possibly  become  choked,  as  in  that  case  an  explosion  would  probably  ensue. 

To  avoid  any  danger  arising  from  this  source  after  the  cover  has  been  put  on,  lined 
with  either  clay  or  a  mixture  of  clay  and  wood  ashes,  and  securely  clamped,  the  fire 
is  lighted  and  the  heat  gradually  raised,  a  dark-red  heat  being  all  that  is  necessary 
to  thoroughly  volatilize  the  quicksilver.  Toward  the  end  of  the  operation  the  heat 
is  raised  to  a  cherry-red  color,  at  which  it  is  kept  until  distillation  ceases.  The 
retort  is  allowed  gradually  to  cool,  and  when  cold  is  opened.'' 

A  stream  of  cold  water  should  be  always  flowing  through  the  jacket 
which  incloses  the  condensing  pipe,  so  that  by  no  possibility  can  mer- 
curial vapor  pass  into  the  receiving  vessel  in  which  the  lower  end  of 
the  pipe  terminates.  The  discharge  end  of  the  pipe  should  be  kept 
under  water  during  the  retorting  operation. 

When  gold  accumulates  in  sufficient  quantities  to  make  the  shipment 
of  the  dust  inconvenient,  the  metal  may  be  melted  on  the  ground  and 
molded  into  bricks.  Both  for  convenience  of  shipment  and  facility 
in  guarding  against  losses,  this  practice  is  to  be  recommended.  A 
brief  description  of  the  essential  features  of  this  work  follows. 

a  Bowie,  op.  cit.,  p.  249,  b  Bowie,  op.  cit. 
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In  melting,  a  gasoline  2-jet  furnace  uiay  be  uned.  Grasoline  under 
a  pressure  of  30  pounds  enters  a  heating  coil  attached  to  the  burner. 
The  heating  coil  is  so  arranged  and  fed  that  liquid  gasoline  burning  on 
the  outside  of  the  main  feed  vaporizes  the  gasoline  which  is  used 
within  the  furnace.  With  the  30  pounds  pressure  used  a  very  hot 
flame  is  the  result.  The  gasoline  supply  should  be  stored  without  the 
building  and  brought  in  through  pipes,  so  as  to  reduce  the  danger  of 
explosion.  An  air  barrel  connected  with  the  supply  line  and  supplied 
with  a  small  hand  pump  serves  to  keep  the  gasoline  pressure  as  high 
as  may  be  necessary.  The  furnace  is  made  of  sheet  iron  and  lined  with 
fire  brick.  A  cover  of  asbestos  and  iron  serves  to  retain  heat.  This 
should  be  so  constructed  as  to  allow  the  bolting  on  of  new  iron  plates, 
as  they  bum  off  with  the  great  heat  generated.  The  operator  should 
be  supplied  with  asbestos  gloves. 

Crucibles  are  of  various  sizes.  A  No.  30  crucible,  costing  between 
$2  and  $2.50,  will  hold  from  900  to  1,000  ounces  of  impure  gold  or 
bullion  with  the  necessary  fluxing  charge.  They  are  composed  of  a 
mixture  of  fine  clay  and  graphite,  and  to  prevent  breaking  certain 
precautions  should  be  observed.  A  new  crucible  should  stand  near 
the  furnace,  at  least  during  two  melts,  and  when  first  used  should  be 
heated  gently.  This  precaution  is  not  necessary  when  a  crucible  has 
once  been  used.  After  a  crucible  has  lieen  used  five  or  six  times  it  can 
not  be  depended  on  and  it  would  be  economy  to  discard  it,  as  breaking 
during  a  melt  is  a  source  of  great  inconvenience  and  loss  of  time. 

It  is  necessary  to  have  an  iron  table  near  the  furnace,  upon  which 
can  be  placed  gold  pans,  shovels,  tongs,  etc. 

Before  the  gold  is  placed  in  the  crucible  it  should  be  accurately 
weighed  and  cleaned  with  a  magnet,  as  above  described. 

In  melting  900  to  1,000  ounces,  three-fourths  of  a  pound  of  borax 
should  first  be  melted  in  the  crucible  as  a  flux.  After  the  dust  is 
poured  in,  one-fourth  pound  of  soda  with  one-half  pound  of  borax 
should  be  placed  on  top.  The  soda  unites  with  the  silica  of  the  sand, 
but  in  perfectly  clean  gold  is  not  needed.  The  borax  unites  with  the 
iron  occurring  with  the  gold.  When  the  dust  is  mixed  with  consider- 
able iron  pyrite  it  is  well  to  add  a  small  quantity  of  scrap  iron.  This, 
in  uniting  with  the  sulphur,  forms  iron  sulphide,  which  comes  off  in 
the  slag.  If  this  precaution  be  not  taken  a  hard  matte,  very  diflicult 
to  remove,  forms  upon  the  brick. 

During  the  melt  it  is  necessary  several  times  to  skim  the  slag  from  the 
gold.  A  special  instrument  is  used  for  this  purpose,  essentially  a  long 
rod  bearing  at  its  lower  end  an  enlargement  to  which  the  slag  will  stick. 
After  gathering  a  small  quantity  upon  the  skimmer  it  is  brought 
out,  and  by  rolling  on  the  iron  table  is  made  into  a  smooth,  disk- 
shaped  mass  upon  the  end  of  the  rod.  This  operation  is  continued 
until  the  slag  collected  upon  the  skimmer  becomes  unwieldy,  when  it 
is  cooled  by  plunging  it  in  water  and  broken  off.     When  the  gold  is 
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reached  it  may  be  readily  detected  by  its  greater  weight.  A  second 
flux  of  borax  alone  is  then  added,  and  when  this  has  melted  the 
product  is  ready  for  pouring. 

A  small  crane  to  lift  the  crucible  from  the  furnace  and  to  pour  the 
gold  into  the  mold  should  be  rigged  overhead.  Special  tongs  for  lift- 
ing the  crilcible  are  made. 

Though  the  mold  should  not  be  heated  too  much,  it  should  always 
be  raised  to  such  a  temperature  that  oil  will  burn  on  contact  with  it. 

On  removing  the  bullion  brick  from  the  mold  it  is  placed  in  a  pickle 
of  three  to  four  pai-ts  of  water  to  one  of  nitric  acid,  which  serves  to 
clean  the  gold  of  surficial  deposit.  By  using  a  hammer  and  a  bt>eel 
slag  brush  the  brick  is  made  ready  for  shipment. 

FINENESS  OF  GOLD. 

The  following  table  shows  the  fineness  of  Alaskan  gold: 
Table  13. — Fineness  of  gold  by  districts  and  creeks. 


District. 


Fineness. 


Authority. 


Juneau: 

Gold  Creek 

Windfall  Creek 

Lemon  Creek 

Porcupine: 

IJdcKinley  Creek 

Porcupine  Creek 

Nizina: 

Chittitu  Creek 

Dan  Creek 

Chisna: 

Miller  Gulch 

Slate  Creek 

Head  waters  of  Copper  Ri  ver 
Sunrise: 

Sixmile  Creek 

Crow  Creek 

Atlin: 

Pine  Creek 

Willow  Creek 

Spruce  Creek 

McKee  Creek 

Birch  Creek 

Gold  Run 

Klondike: 

Bonanza  Creek: 

(a)  High  bench 

(6)  Creek 


Per  ounce. 

$17.50 

17.50 

14.00 

16.80 
17.20 

18.71 
18.87 

18.41 
18.47 
17.80 

17.34 
14.80 

16.43 
15.65 
16.50 
17.31 
16.23 
16.00 


15.  28 
16.43 


Operator. 
Do. 
Do. 

Members  U.  S.  Geological  Survey. 
Do. 

Operator. 
Do. 

Do. 
Do. 
Do. 

Members  U.  8.  Geological  Survey. 
Do. 

Operator. 
Do. 
Do. 
Do. 
Do. 
Do. 


Bank  British  North  America. 
Do, 
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Table  13. — Fineness  of  gold  by  districts  and  creeks — Continued. 


District. 


FinenesB. 


Authority. 


Klondike — Continued. 

Hunker  Creek: 

(a)  Bench .: 

(6)  Creek 

Dominion  Creek 

Gold  Run 

Sulphur  Creek 

Bear  Creek 

Last  Chance  Creek: 

(tt)  Bench , 

(6)  Creek 

Forty  mile: 

Wade  Creek 

Walker  Fork 

Chicken  Creek 

Stone  House  Fork 

Irene  Gulch 

Eagie: 

American  Creek 

Mission  Creek 

Circle  district: 

Deadwood  Creek 

Mastodon  Creek 

Mammoth  Creek 

Miller  Creek 

Eagle  Creek , 

Mastodon  Fork 

Woodchopper  Creek 

Fairbanks: 

Fairbanks  Creek 

Cleary  Creek 

Pedro  Creek 

Chatham  Creek 

Iwin  Creek 

Rampart: 

Little  Minook  Creek 

Little  Minook,  jr.,  Creek  . 

Hunter  Creek 

Baker  Creek 

(a)  Bench 

Thanksgiving  Creek 

(Jlen  Gulch 

Gold  Run ,,. 


Per  ounce, 
$17.  75 
17.46 
16.93 
17.  53 
16.48 
14.61 

14.12 
15.35 

17.72 
18.03 
17.54 
17.40 
17.40 

17.61 
17.57 

16.73 
17.00 
17.38 
17.25 
18.93 
18.50 
18.32 

17.76 
17.24 
18.40 
17.60 
18.40 

19.24 
19.00 
19.00 


Bank  British  North  America. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Operator. 
Do. 
Do. 
Do. 

Bank  British  North  America. 
Do. 

Do. 
Operator. 

Do. 

Do. 
Bank  British  North  America. 
Operator. 

Do. 

Bank  British  North  America. 

Do. 
Operator. 

Bank  British  North  America. 
Operator. 

Bank  British  North  America. 
Members  U.  S.  Geological  Survey. 
Do. 


14. 88  Do. 

15. 17  Do. 

16.00     Operator. 
16.00  .  Do. 
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Table  13. — Fineness  of  gold  by  disbicts  and  creeks — Continued. 


District. 


Nome: 

Anvil  Creek 

(a)  Bench 

(6)  Creek 

Glacier  Creek 

Dexter  Creek 

Dry  Creek 

(a)  Creek  .... 
(6)  Bench 

Beach  diggings 

High  benches 

Grass  Gulch 

Peluck  Creek 

Hastings  Creek  . . . 

Basin  Creek 

Bonanza  Gulch  . . . 
Council: 

Ophir  Creek 

Crooked  Creek 

Mystery  Creek 

Solomon: 

Solomon  River 

Big  Hurrah  Creek. 
Port  Clarence: 

Gold  Run  Creek  . . 

(a)  Bench 

(6)Creek 

Anikovik  River . . . 

Sunset  Creek 

Fairhaven: 

Bear  Creek 

Hannum  CreeL  . . . 

Inmachuk  River . . 

Candle  Creek 

Kougarok: 

Gold  Run 

Alder  Creek 

Kougarok  River. . . 

Homestake  Creek . 


Fineness. 


Per  Wince. 


$18.60 
18.75 
18.60 
18.60 


Authority. 


18.39 
17.30 
17.98 
18.70 
18.60 
18.19 
18.19 
18.00 
18.59 

18.49 
18.49 
18.70 

18.60 
18.39 


18.35 
18.55 
19.00 
17.50 

19.20 
18.25 
18.39 
17.77 

18.39 
18.39 
18.60 
18.75 


Bank  of  Cape  Nome. 
Do. 
Do. 
Do. 

Operator. 

Do. 
Bank  of  Cape  Nome. 

Do. 

Do. 

Do. 

Do. 
Operator. 

Do. 

Bank  of  Cape  Nome. 
Do. 
Do. 

Do. 
Do. 


Operator. 
Do. 
Do. 
Do. 

Members  U.  S.  Geological  Survey. 

Do. 
Bank  of  Cape  Nome. 

Do. 

Do. 
Do. 
Do. 
Operator. 


Bull.  263—06 14 
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liABOB. 

The  following  table  (14)  shows  the  average  wages  paid  for  labor 
in  the  mining  districts  of  Alaska  and  adjacent  Canadian  territory  during 
the  summer  of  1904.  When  the  prices  for  winter  work  were  available 
such  have  been  added.  The  prevailing  wages  have  been  pLiced  under 
the  names  of  the  districts  as  these  are  generally  known,  it  being 
understood  that  the  name  of  the  nearest  town,  as,  for  example,  Nome, 
stands  for  the  creeks  in  the  Vicinity.  Timbermen,  carpenters,  black- 
smiths, and  others  whose  pay  is  generally  higher  than  that  of  ordinary 
laborers  in  the  United  States,  are  rarely  paid  more  in  Alaska.  In  dis- 
tricts where  steam-thawing  methods  are  employed  engineers  include 
pointmen.  Hoistmen  are  not  classed  as  skilled  laborers,  and  where 
special  prices  for  engineers  obtain  the  men  are  usually  in  charge  of 
large  engines  or  pumps. 

Two  shifts  are  worked  on  most  of  the  mines,  especially  in  the  sum- 
mer. In  hydraulic  operations  at  night  only  one-third  or  one-fourth 
as  many  men  are  employed  as  on  the  day  shift.  In  steam-thawing 
operations,  where  thawing  is  done  at  night,  one  or  two  pointmen  and 
a  fireman  on  the  night  shift  generally  take  care  of  all  the  thawing, 
which  will  employ  from  10  to  20  men  in  excavating,  tramming,  hoist- 
ing, and  washing  during  the  following  day  shift. 

Ten-hour  shifts  are  the  rule  throughout  the  northern  placer  fields. 
In  large  hydraulic^  operations  the  pipemen,  as  in  other  regions, 
generally  work  twelve  hours.  At  only  a  few  places  were  men  seen 
working  an  eight-hour  shift.  At  one  of  these,  where  men  were  shov- 
eling into  sluice  boxes,  it  was  proved  by  actual  measurement  of  the 
ground  that  the  number  of  yards  shoveled  per  shift  per  man  was 
greater  than  on  adjacent  claims  where  ten-hour  shifts  were  in  practice. 
In  one  instance  on  Ophir  Creek,  in  Seward  Peninsula,  two  eleven- 
hour  shifts  were  worked,  the  men  being  paid  50  cents  an  hour  and 
board.  Experience  has  proved  that  the  eight-hour  shift  for  hard 
physical  work  is  most  economical  in  the  operations  in  Alaska,  where 
a  large  number  of  men  are  employed  in  shoveling  and  where  every 
moment  of  the  short  season  is  valuable,  and  it  would  seem  that  the 
division  of  labor  into  three  shifts  of  eight  hours  cheapens  rather  than 
increases  the  cost  of  handling  material. 

In  some  of  the  camps  of  Seward  Peninsula  a  hospital  fee  of  $2 
per  man  per  month  is  charged.  This  gives  the  laborer  the  services  of 
a  competent  physician  in  case  of  sickness.  Alaska  is  a  singularly 
healthy  country  at  all  times  of  the  year,  and,  although  detailed  statis- 
tics are  not  available,  the  proportion  of  deaths  and  illness  to  the  total 
population  would  seem  to  be  remarkably  small. 
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Table  14.— Scale  of  toages  in  Alaskan  camps,  induding  Dawson,  Yukon  Territory,  and 

Atlin,  British  Columbia. 


Juneau 

Chisna 

Ni»na: 

Copper  Creek... 

Dan  Creek 

Sunrise 

Porcupine 

Atlin 

Dawson 

Fortymile  , 

Eagle 

Rampart 

Birch  Creek: 

Deadwood  Creek 
Birch  Creek 

Fairbanks 


Some  claims  on 
Cleary  Creek. 

Some  claims  on 
Fairbanks 
Creek. 

Nome 

Council 

Solomon 

Kugruk 

Fairhaven 

Port  Clarence 


Laborers. 


$3.50  to  $4,  without  board ; 
pipemen,  $5. 

$5  to  $10  a  day;  some 
$12.50;  some  $90  to  $150 
per  month. 


Foremen. 


$5.    without 
board. 


$100  a  month  and  board . 

$7.50aday 

$4  a  day,  no  board 

$3  and  board 


$3.50  to  $4.50  and  board; 
$5  to  $6.50,  (pipemen), 
without  board. 

$3.50  to  $5  and  board; 
winter,  $3  and  board. 

$5  and  board;  $8,  no  board. 

$5  and  board 

$5  a  day  and  board 


$10  a  day,  no  board 

$8  a  day,  no  board;  $6  to 
$8  a  day,  no  board,  is 
average. 

$10  a  day,  no  board,  gen- 
eral wages. 


$5  and  board 
$6  and  board 


Summer,  $5  a  dav  and 
board;  winter,  $2.50  a 
day  and  board. 

Summer,  $5  a  day  and 
board;  winter,  $3  a  day 
with  board. 

$5  and  board 

$6  a  day  and  board 

$5  and  board ;  some  at  $100 
per  month. 

$5  a  day  and  board;  $8 
without  board. 


$4  and  board... 


$10  a  day,  no 
board. 


$14  a  day,  no 
board;  some 
$6 and  board; 
some  $10  and 
board. 


$10  a  day  and 
board. 


$7.50and  board. 


Engtneen. 


$5  a  day,  with* 
out  board. 


$4  and  board. 


$4   to    $6    and 
board. 


$12,  no  botfrd; 
some  $8  and 
board. 


$180  to  $200  a 
month  and 
board. 
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liUMBER  AND  FUEIi. 

TIMBER. 

The  areal  distribution  of  timber  in  Alaska  does  not*  by  any  means 
coincide  with  that  of  the  placer  gold.  The  South  Coast  region,  in 
which  there  are  extensive  forests,^  does  not  contain  the  most  extensive 
alluvial  gold  deposits.  The  Juneau,  Porcupine,  and  Sunrise  districts 
are  the  only  placer^gold  fields  developed  within  the  area  of  heavy  tim- 
ber. In  these  three  districts  the  large  timber  may  be  taken  advantage 
of  for  local  use.  Under  present  conditions  of  transportation,  however, 
this  coastal  timber  forms  no  more  of  an  asset  in  the  consideration  of 
the  interior  and  the  Seward  Peninsula  placer  fields  than  as  if  it  did 
not  exist. 

Spruce  is  commonly  the  timber  on  which  the  gold  miner  of  the 
interior  has  to  rely.  It  is  very  poor,  both  for  fuel  and  for  lumber, 
and  in  steam-producing  quality  a  cord  is  the  equivalent  of  not  more 
than  700  pounds  of  Pennsylvania  bituminous  coal.  The  diameter  of 
the  spruce  of  the  interior  Yukon  Valley  rarely  exceeds  18  inches,  and 
averages  10  inches.  The  timber  line  varies  from  2,000  to  3,000  feet 
above  the  sea,  and  many  of  the  low- lying  river  valleys  are  fairly  well 
forested.  In  the  Tanana  Valley  and  its  tributaries  near  Fairbanks  is 
found  an  exceptionally  good  growth  of  spruce  timber,  up  to  18  inches 
in  diameter,  while  birch,  aspen,  and  cottonwood  occur  in  less  amount. 

In  the  Forty  mile -district  spruce  trees  up  to  18  inches  in  diameter 
ocijur,  but  in  general  the  growth  does  not  differ  from  that  found  along 
the  Yukon  and  Tanana  bottoms. 

At  the  head  of  the  Tanana  and  White  rivers  the  timber  line  reaches 
3,000  feet,  and  there  is  a  fairly  good  growth  of  spruce,  birch,  aspen, 
and  cottonwood.  The  Kuskokwim  and  Koyukuk  River  valleys  are 
also  timbered  with  spruce. 

The  Sunrise  and  Chisna  districts,  which  are  nearer  to  the  coastal 
strip  than  the  regions  mentioned  above  are  better  supplied  with  tim- 
ber, spruce  from  18  to  24  inches  being  common. 

Those  portions  of  Seward  Peninsula  which  have  attained  importance 
from  a  placer-mining  standpoint  possess  no  timber  except  stunted 
willows.  All  mining  operations  must  therefore  depend  on  a  foreign 
supply. 

The  prices  for  lumber  in  table  15  are  for  native  or  imported  lumber, 
according  to  the  timber  resources  of  the  district.  In  general  all  the 
interior  camps  make  use  of  the  native  lumber.  One  of  the  difficulties 
experienced  is  to  get  good  clear  bottom  boards  for  sluice  boxes. 

Sawmills  are  in  operation  at  all  the  principal  centers,  Atlin,  Dawson, 
White  Horse,  and  Fairbanks.     At  Central  House  in  the  Birch  Creek 

a  Brooks,  A.  H.,  The  geography  and  geology  of  Alaska:  Prof.  Paper  U.  8.  Oeol.  Survey  No.  —  (In 
preparation),  forestry  map,  PI.  — . 
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district  a  sawmill  was  formerly  in  operation,  but  has  been  abandoned. 
At  Fairbanks,  in  the  summer  of  1904,  two  sawmills  with  a  total  daily 
capacity  of  25,000  board  feet  were  in  operation. 

Timber  fires  are  frequent  in  the  interior  and  are  sometimes  very 
destructive  in  dry  seasons.  There  being  no  system  of  policing  the 
forests  for  purposes  of  fire  protection,  the  probability  is  that  an 
increasingly  large  amount  of  timber  will,  as  the  population  increases, 
be  annually  destroyed  by  fire. 

COAL. 

Though  there  are  extensive^  coal  fields  in  Alaska,  practically  none 
of  them  have  been  exploited.  Much  of  the  coal  is  of  a  lignitic  charac- 
ter, but  some  very  good  bituminous  coals  have  been  found.  In  the 
SJouth  Coast  province  good  coal  occurs  20  miles  from  the  coast  near 
Controller  Bay*  and  in  the  Matanuska  basin ^  50  miles  from  the  head 
of  Cook  Inlet.  Neither  of  these  fields  are  ^^et  within  reach  of  trans- 
portation. Lignitic  coals  are  present  at  many  localities  along  the 
Pacific  coast,  but  these,  too,  are  undeveloped. 

In  the  interior  coal  has  been  mined  along  the  Yukon,  but  has  not 
yet  furnished  a  local  fuel  supply.  The  Yukon  ^  coals  include  the  lig- 
nite beds  of  the  upper  river  and  a  better  grade  of  bituminous  coals 
which  outcrop  along  the  Yukon  below  Nulato.  Lignite  coal  has  also 
been  found  along  the  Koyukuk  and  on  the  Cantwell,  a  southern  tribu- 
tary of  the  Tanana.  Though  these  coals  may  in  the  future  furnish  fuel 
for  placer-mining  operations  the}'  are  an  unknown  factor. 

Lignite  has  been  found  in  the  eastern  part  of  Seward  Peninsula, 
but  its  commercial  value  is  unproved.  A  small  mine  has,  however, 
been  in  operation  in  the  Fairhaven  district  near  Kotzebue  Sound,* 
and  has  found  a  ready  market  for  its  output,  which  is  of  a  lignitic 
character. 

Near  Cape  Lisburne,  200  miles  north  of  Nome,-^  bituminous  coal 
occurs  in  commercial  quantities,  but  has  not  yet  been  mined  to  any 
extent.  It  is  still  an  open  question  whether  it  can  compete  with  the 
imported  coals. 

The  fuel  question  in  Alaska  may  take  a  new  phase  with  the  intro- 
duction of  gas-producing  engines,  for  these  lignites  are  found  to  be 
very  effective  power  producers. 

The  following  brief  statement  concerning  recent  tests  with  the  gas 
producer  at  the  United  States  Geological  Survey  coal-testing  plant, 

a  Brooks,  A.  H..  The  coal  resources  of  Alaska:  Twenty-second  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.8, 
1901,  pp.  615-671. 

6  Martin, G.C.,  Petroleum  fields  of  Alaska  and  Berinjr  River  coal  fields:  Bull.  U.  8.  Geol.  Survey  No. 
226,  pp.  871-376. 

cStone,  R.  W.,  Coal  resources  of  southwestern  Alaska:  Bull.  U.  8.  Geol.  Survey  No.  259,  pp.  161-171. 

^Collier,  A.  J.,  The  coal  resources  of  the  Yukon:  Bull.  U.  S.  Geol.  Survey  No.  218. 

«Moffit,F.H.,  The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska:  Bull.  U.  S.  Geol.  Survey  No. 
261,  p.  67. 

/  Collier,  A.  J.,  Coal  fields  of  the  Cape  Lisburne  region:  Bull.  U.  S.  Geol.  Survey  No.  239,  pp.  172-186. 


Digitized  by 


Google 


214  GRAVEL   AND   PLACEB   MnOKG    IN   ALASKA.  [bull.  288. 

St.  Louis,  has  been  courteously  furnished  for  this  report  by  Mr. 
Marius  R.  Campbell: 

The  results  of  tests  made  during  the  past  season  at  the  United  States  Geological 
Survey  coal-testing  plant  at  the  Louisiana  Purchase  Exposition  at  St  Louis  proved 
conclusively  that  producer  gas  of  such  a  quality  that  it  may  be  used  directly  in  a  gas 
engine  can  be  made  from  bituminous  coals  and  lignites  as  well  as  from  the  highly 
carbonized  fuels,  such  as  anthracite,  coke,  charcoal,  and  wood,  that  alone  have  been 
used  in  the  past  for  this  purpose,  and  strange  as  it  may  appear,  the  lignites  and 
lignitic  coals  have  yielded  better  results  than  those  ordinarily  classed  as  bituminous. 
This  means  that  the  low-grade  coals  of  the  western  half  of  the  United  States  may 
have  a  value  for  the  production  of  power  equal  to  that  of  the  best  West  Virginia 
coal  as  it  is  used  at  the  present  time. 

The  equipment  by  which  these  results  were  obtained  consists  of  a  Taylor  gas  pro- 
ducer with  economizer,  scrubber,  tar  extractor,  purifier,  and  gas  holder,  furnished 
by  R.  D.  Wood  &  Co.,  of  Philadelphia,  and  a  gas  engine  of  235  B.  H.  P.,  furnished 
by  the  Westinghouse  Machine  Company,  of  Pittsburg.  The  great  difficulty  in  the 
past  in  using  bituminous  coals  in  the  producer  has  been  the  extraction  of  the  tarry 
matter  from  the  gas.  With  the  above  equipment  the  tar  and  sulphur  in  the  gas  is 
almost  completely  removed,  so  that  these  substances  give  little  or  no  trouble  in  the 
gas  engine. 

It  appears,  then,  that  the  interior  must  for  the  present  depend  for 
fuel  on  its  timber  resources,  such  as  they  are.  The  camps  of  Seward 
Peninsula  will  probably  adopt  crude  oil  as  the  most  economical  fuel  if 
the  price  can  be  brought  down  to  $2  a  barrel  delivered  at  Nome.  There 
appears  to  be  a  need  at  Nome  and  some  of  the  other  large  camps  of  an 
oil-tank  and  pipe-line  system  by  which  the  oil  can  be  cheaply  trans- 
ferred from  steamers,  stored,  and  pumped  to  the  various  producing 
creeks  adjacent  to  the  coast.  The  native  spruce  timber  will  afford  a 
fuel  supply  to  the  region  east  of  Niukluk  River,  if  gold  discoveries 
are  made  there. 

For  any  of  the  camps  in  the  South  Coast  region  there  is  an  abun- 
dant supply  of  fuel,  as  wood  may  be  had  for  the  cutting,  and  coal  can 
be  had  at  a  comparatively  low  cost. 
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Table  15. — Cost  of  firewood  and  flume  lumber  in  Alaskan  camps,  including  Dawson, 
Yukon  Territory,  and  AUin,  British  Columbia, 


Fuel. 

Lumber  per  M, 

planed  on  one  side 

unless  otherwise 

stated. 

Janeau  district: 

Windfall  Creek 

$10.00 

Gold  Creek 

12.50-15.00 

Chisna  district: 

Headwaters  of  Copper  River 

150.00 

Slate  Creek 

150.00 

Daisy  Creek 

150.00 

Nizina  district: 

Chititu  Creek 

100.00 

Copper  Creek 

150.00 

Dan  Creek 

150.00 

Sunrise  district: 

Crow  Creek 

25.00-35.00 

Resurrection  Creek 

25.00 

Porcupine  district: 

Porcupine  Creek 

20.00 

McKinley  and  McCoon  creeks 

50.00 

Atlin  district: 

Pine  Creek 

40.00-50.00 

Boulder  Creek 

Spruce  wood,  $7  cord. . . 

Spruce  Creek 

40.00^50.00 

McKee  Creek ' 

35.00-40.00 

Birch  Creek --- 

35.00-40.00 

Dawson  district: 

Bonanza  Creek 

Eldorado  Creek 

Spruce  wood,  $16  cord.. 

70.00-90.00 

Gold  Run . 

Sulphur  Creek 

Upper  Dominion  Creek . 

Hunker  Creek , 

Forty  mile  district: 

Wade  Creek 

Walker  Fork 

Chicken  Creek , 

Eagle  district: 

American  Creek , 

Discovery  Fork 

Rampart  district: 

Gold  Run  Creek 


Spruce  wood,  $9  cord. . . 
Spruce  wood, $9.50 cord. 
Sprucewood,$l  1.50  cord . 
Spruce  wood,  $11  cord.. 


70.00-100.00 
80.00 


60.00-90.00 

a  175. 00 

« 100. 00 

200.00-250.00 

a  75. 00 


120.00 


a  Rough. 
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Table  15. — Cdtt  offirevoood  and  flume  lumber  in  Alaskan  camps,  etc. — Continued. 


Circle  district: 

Deadwood  Creek 

Independence  Creek. 

Mastodon  Creek 

Mammoth  Creek 

Eagle  Creek 

Miller  Creek 

Woodchopper  Creek. 
Fairbanks  district: 

Fairbanks  Creek 

Cleary  Creek 

Chatham  Creek 

Pedro  Creek 

Gold  Stream 

Nome  district: 

Anvil  Creek 

.Dexter  Creek 

Glacier  Creek 

Bourbon  Creek 

Dry  Creek 

Peluk  Creek 

Basin  Creek 

Council  district: 

Ophir  Creek 

Melsing  Creek 

Crooked  Creek 

Solomon  district: 

Solomon  River 

Kassan  Creek 

Kougarok  district: 

Homestake  Creek 

Fair  haven  district: 

Candle  Creek 

Inmachuck  River 

Kugruk  River 

Port  Clarence  district: 

Anikovik  River 

Gold  Run 

Buck  Creek 


Fuel. 


Spruce  wood,  $12  cord.. 


Spruce  wood,  $10  cord. . 


Lumber  per  M, 

planed  on  one  side 

unlem  otherwise 

stated. 


$100.00-125.00 
125.00 


Spruce  wood,  $10  cord. 


Spruce  wood,  $10  cord. . 
Spruce  wood,  $7  cord. . . 
Spruce  wood,  $7  cord . . . 


Bituminous  coal  from 
$17  to  $30  per  ton. 

Crude  oil  at  Nome,  $3 
per  barrel. 

Gasoline  distillate  at 
Nome,  $3.50  per  10- 
gallon  case. 

Wood,  $12  cord  on  the 
Niukluk  River. 


180.00 
70.00 

220.00-250.00 
225.00 
225.00 

100.00-150.00 


/  50.00 
50.00-60.00 
50.00-60.00 


45.00 
50.00 
70.00 

60.00-100.00 

125.00 


150.00 

100.00-150.00 

70.00 

150.00 

60.00 

125.00 

50.00 


a  Rough. 
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ROADS  AND  ROAD  BUIIiDING  IX  AliASKA. 

INTRODUCTION. 

The  means  of  getting  from  one  part  of  the  Territory  to  another  and 
from  the  various  towns  and  supply  points  to  their  tributary  mining 
camps  are  very  bad.  The  data  concerning  road  construction,  which 
were  courteously  furnished  me  by  officers  of  the  Canadian  government 
based  on  Klondike  experience,  indicate  that  road  building  on  an  exten- 
sive scale  is  entirely  feasible  in  the  northern  latitudes,  and  that  roads 
can  be  constructed  and  maintained  at  moderate  cost.  In  all  proba- 
bility Alaska  is  worse  equipped  with  those  improvements  which  con- 
tribute to  progress  and  prosperity  than  any  other  area  of  like  size 
lying  in  the  domain  of  a  civilized  people. 

Highway  construction  in  Alaska  is  of  the  highest  importance  to  the 
development  of  the  Territory.  The  product  of  the  gold-bearing  grav- 
els which  have  been  already  exploited  is  sufficient  to  support  a  consid- 
erable number  of  pei'sons  and  to  maintain  towns  of  important  size. 
The  gold  mining  which  has  been  done  in  the  interior  of  Alaska  has 
been  conducted  in  spite  of  difficulties  of  transportation  which  would 
hardly  be  credible  were  they  not  substantiated  by  figures  obtained  in 
many  parts  of  the  Territory  from  responsible  men. 

It  must  not  be  assumed  that  the  ordinary  miner  of  Alaska  is  of  a 
provident  disposition.  Many  men  of  great  energy,  to  whom  is  due 
the  credit  of  having  developed  and  opened  large  portions  of  this  hos- 
tile country,  are  little  disposed  to  take  care  for  the  future;  yet  they 
possess  pluck  and  determination  which  is  deserving  of  the  highest 
praise.  Outside  of  geologic  and  topographic  exploration  and  making 
of  excellent  maps,  and  the  furnishing  of  postal  and  telegraphic  service, 
the  miner,  until  the  present  session  of  Congress  (1906),  has  been  very 
little  assisted. 

An  act  of  Congress  was  passed  April  27,  1904,  authorizing  the 
appointment  of  road  overseers  and  the  creation  of  road  districts  in 
the  Territory  of  Alaska,  but  this  proving  impracticable  after  a  year's 
trial  Congress  has  met  the  urgent  demands  for  road  building  by  the 
recent  enactment  of  a  statute  which  in  two  of  its  sections  provides  for 
the  limited  building  and  maintenance  of  wagon  roadstmd  trails."  Fol- 
lowing are  the  first  two  sections  of  the  said  act: 

Be  ii  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled^  That  all  moneys  derived  from  and  collected  for  liquor 
licenses,  occupwition,  or  trade  licenses  outside  of  the  incorporated  towns  in  the  dis- 
trict of  Alaska  shall  be  deposited  in  the  Treasury  Department  of  the  United  States, 
there  to  remain  as  a  separate  and  distinct  fund,  to  be  known  as  the  ''Alaska  fund,'' 
and  to  be  wholly  devoted  to  the  purposes  hereinafter  Stated  in  the  district  of  Alaska. 

__^ . ea: 

aAn  act  to  provide  for  the  constmctlon  and  maiDtenance  of  roads,  the  establishment  and  main- 
tenance of  schools,  and  the  care  and  support  of  insane  persons,  in  the  district  of  Alaska,  and  for 
other  purposes. 
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One-foarth  of  said  fund,  or  so  much  thereof  as  may  be  necessary,  shall  be  devoted  to 
the  establishment  and  maintenance  of  public  schools  in  said  district;  five  per 
centum  of  said  fund  shall  be  devoted  to  the  care  and  maintenance  of  insane  per- 
sons in  said  district,  or  so  much  of  said  five  per  centum  as  may  be  needed;  and  all 
the  residue  of  said  fund  shall  be  devoted  to  the  construction  and  maintenance  of 
wagon  roads,  bridges,  and  trails  in  said  district. 

Sec.  2.  That  there  shall  be  a  board  of  road  commissioners  in  said  district,  to  be 
composed  of  an  engineer  officer  of  the  United  States  Army,  to  be  detailed  and 
appointed  by  the  Secretary  of  War,  and  two  other  officers  of  that  part  of  the  army 
stationed  in  said  district,  and  to  be  designated  by  the  Secretary  of  War.  The  said 
engineer  officer  shall  during  the  term  of  said  detail  and  appointment  abide  in  said 
district.  The  said  board  shall  have  the  power  and  it  shall  be  their  duty,  upon  their 
own  motion  or  upon  petition,  to  locate,  lay  out,  construct,  and  maintain  wagon  roads 
and  pack  trails  from  any  point  on  the  navigable  waters  of  said  district  to  any  town, 
mining  or  other  industrial  camp  or  settlement,  or  between  any  such  town,  camps, 
or  settlements  therein,  if  in  their  judgment  such  roads  or  trails  are  needed  and  will 
be  of  permanent  value  for  the  development  of  the  district;  but  no  such  road  or  trail 
shall  be  constructed  to  any  town,  camp,  or  settlement  which  is  wholly  transitory  or 
of  no  substantial  value  or  importance  for  mining,  trade,  agriculture,  or  manufacturing 
purposes.  The  said  board  shall  prepare  maps,  plans,  and  specifications  of  every  road 
or  trail  they  may  locate  and  lay  out,  and  whenever  more  than  five  thousand  dollars 
in  I  he  aggregate  shall  have  been  expended  on  the  construction  of  any  road  or  trail, 
contract  for  the  work  shall  be  let  by  them  to  the  lowest  responsible  bidder,  upon 
sealed  bids,  after  due  notice,  under  rules  and  regulations  to  be  prescribed  by  the 
Secretary  of  War.  The  board  may  reject  any  bid  if  they  deem  the  same  unreason- 
ably high,  or  if  they  find  that  there  is  a  combination  among  bidders.  In  case  no 
responsible  and  reasonable  bid  can  be  secured,  then  the  work  may  be  carried  on 
with  material  and  men  procured  and  hired  by  the  board.  The  engineer  officer  of 
the  board  shall  in  all  cases  supervise  the  work  of  construction  and  see  that  the  same 
is  properly  performed.  As  soon  as  any  road  laid  out  by  the  board  has  been  con- 
structed and  completed  they  shall  examine  the  same  and  make  a  full,  detailed 
report  of  the  work  done  on  the  same  to  the  Secretary  of  War,  and  in  such  report 
they  shall  state  whether  the  road  or  trail  has  been  completed  conformable  to  the  maps, 
plans,  and  specifications  of  the  same.  It  shall  be  the  duty  of  said  board,  as  far  as 
practicable,  to  keep  in  proper  repair  all  roads  and  trails  constructed  under  their 
supervision,  and  the  same  rules  as  to  the  manner  in  which  the  work  of  repair  shall 
be  done,  whether  by  contract  or  otherwise,  shall  govern  as  in  the  case  of  the  original 
construction  of  the  road  or  trail.  The  cost  and  expenses  of  laying  out,  constructing, 
and  repairing  such  roads  and  trails  shall  be  paid  by  the  Secretary  of  the  Treasury 
out  of  the  road  and  trail  portion  of  said  '*  Alaska  fund ''  upon  vouchers  approved  and 
certified  by  said  board.  The  Secretary  of  the  Treasury  shall,  at  the  end  of  each 
month,  send  by  mail  to  eat^h  of  the  members  of  said  board  a  statement  of  the  amount 
available  of  said  "Alaska  fund**  for  the  construction  and  repair  of  roads  and  trails, 
and  no  greater  liability  for  construction  or  repair  shall  at  any  time  be  incurred  by 
said  board  than  the  money  available  therefor  at  that  time  in  said  fund.  The  mem- 
bers of  said  board  shall,  in  addition  to  their  salaries,  be  entitled  to  receive  their 
actual  traveling  expenses  paid  or  incurred  by  them  in  the  performance  of  their 
duties  as  members  of  said  board. 

It  will  be  of  interest  to  state  that  during  the  twelve  months  ending 
June  30,  1904,  the  total  amount  collected  from  license  fees  outside  of 
incorporated  towns  was  $146,043.65.^ 

aMacLennan,  M.  F.,  Receipta  and  disbursementa  of  the  United  States  for  the  fiscal  year  ending 
June  80, 1904,  Treasury  Department,  p.l4. 
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As  a  little  less  than  three-fourths  of  this  amount  is  available  for 
roads,  it  is  evident  that  the  work  can  not  be  pushed  very  rapidly. 

It  is  probable  that  not  more  than  40  miles  of  standard  road  could 
be  built  and  maintained  in  any  one  year  in  the  central  Yukon  prov- 
ince, and  not  more  than  20  miles  of  standard  road  in  the  South  Coast 
province.  Moreover,  it  is  not  likely  that  the  fund  will  increase 
rapidly,  as  the  number  of  incorporated  towns  is  growing. 

Though  a  beginning  was  made  in  the  construction  of  a  military 
horse  trail  from  Valdez  over  Thompson  Pass,  the  project  was  only 
partially  successful  on  account  of  lack  of  funds  for  maintenance. 

The  recommendation  of  Mr.  Alfred  H.  Brooks,  of  the  Geological 
Survey,  of  an  appropriation  of  $1,000,000  to  be  spent  for  wagon  roads 
in  Alaska  is  amply  justified  by  the  necessities  of  the  case.  It  is  prob- 
able that  for  this  sum  900  miles  of  roads  (300  of  the  Dawson  standard 
wagon  type  and  600  for  sleds)  could  be  built  in  those  parts  of  the 
country  which  would  be  most  assisted  by  their  construction.  Provision 
should,  however,  be  made  for  their  annual  maintenance.  The  inhabi- 
tants of  Alaska  would  be  as  appreciative  of  such  Federal  aid  as  those 
of  any  portion  of  the  American  possessions,  and,  by  such  improve- 
ment in  transportation  facilities,  the  annual  Alaskan  product  in  gold 
would  be  greatly  increased. 

A  serious  detriment  to  the  making  of  a  road  in  Alaska  is  the  thaw- 
ing of  the  ground  beneath  the  moss.  It  has  been  the  universal 
experience  that  wherever  the  moss  is  cut  into  thawing  immediately 
commences,  and  the  trail  which  was  passable  becomes  a  filthy,  slimy 
mass  of  mud,  roots,  and  broken  stones,  a  diflScult  route  for  men  on . 
foot,  a  slow  and  tiresome  road  for  loaded  animals,  and  an  impassable 
obstacle  to  any  sort  of  vehicle.  In  regions  farther  south,  under 
temperate  conditions,  trails  frequently  are  developed  into  fair  wagon 
roads  by  much  usage.  Such  developments  can  never  take  place  in 
any  part  of  the  Noithwest. 

In  the  Northwest,  where  the  ground  is  always  subject  to  slight  dis- 
turbances from  alternate  freezing  and  thawing,  the  roads  can  not  be  as 
durably  constructed  as  in  portions  of  the  United  States  where  similar 
topographic  conditions  prevail.  The  table  of  expenses  furnished  by 
the  Canadian  government  for  this  report  shows  that  the  cost  of  main- 
tenance does  not  exceed  15  per  cent  of  the  original  mile-cost  of  the 
road.  A  feature  that  can  not  be  too  strongly  impressed  on  those  who 
have  never  seen  the  interior  of  Alaskan  country  is  the  extraordinary 
difference  between  the  topography  of  the  southeast  coast,  which  is 
most  often  visited  by  tourists,  and  the  portions  of  the  country  in 
which  the  rich  placer  deposits  have  been  developed.  In  the  coast 
region  about  Juneau,  Admiralty  and  Baranoff  islands,  and  in  Prince 
William  Sound  (see  PI.  XVI,  A^  p.  114)  the  needle-like  peaks,  precipi- 
tous slopes,  cataracts  in  summer,  avalanches  in  winter,  and  all  the 
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formidable  conditions  characterizing  an  alpine  district  make  road 
building  very  costly.  There  is  much  rock  work,  and  expensive  bridges, 
trestles,  and  culverts  are  necessary.  The  cost  of  the  wagon  road  from 
Juneau  into  Silver  Bow  basin  was  $3,750  a  mile,  and  that  of  the  wagon 
road  built  in  1898  from  Skagway  to  the  summit  of  the  White  Pass  was 
$6,000  per  mile.  Compare  this  with  the  Yukon-Tanana  gold  district. 
In  the  vicinity  of  Fairbanks  13  miles  of  passable  wagon  trail,  over 
what  is  known  as  the  Ridge  Trail  going  to  the  creeks,  have  been  built 
at  a  cost  of  less  than  $100  per  mile."  This  road  (see  PI.  XXXVIII,  A) 
was  made  through  a  stretch  of  birch  and  aspen  timber;  the  trees  were 
cut  out  and  many  of  the  stumps  removed;  no  ditch  was  made  along  the 
sides  and  the  road  was  wide  enough  for  only  one  wagon.  But  it  is 
passable,  and  freight  rates  have  already  been  reduced  from  25  and  30 
cents  per  pound  to  10  and  15  cents. 

It  may  be  objected  that  transportation  sufficient  to  meet  the  needs 
of  the  miner  can  be  accomplished  in  winter  when  the  freight  rates  are 
very  much  cheaper.  This  is  far  from  being  the  case.  The  winter 
transportation  itself  would  be  greatly  assisted  by  good  roads  on  which 
sleds  of  4  and  5  ton  capacity  could  travel.  As  to  winter  freight- 
ing, it  ma}^  be  stated  that  in  the  winter  of  1903  a  man  contracted  to 
transport  a  boiler  weighing  5,600  pounds  from  the  town  of  Fairbanks 
to  Pedro  Creek,  a  distance  of  20  miles,  for  $2,000,  and  lost  $300. 

Furthermore,  75  per  cent  of  the  work  of  exploiting  the  gold-bearing 
gravels  is  carried  on  in  the  four  months  of  the  open  season,  and  then 
the  miners  are  in  need  of  the  bulk  of  their  supplies.  In  summer  the 
prices  of  commodities  in  the  towns  are  frequently  lower  than  in  win- 
ter. The  period  during  which  supplies  for  the  winter  are  generally 
brought  in  is  from  August  1  to  September  1. 

COST  AND  METHOD  OF  CONSTRUCTING  HIGHWAYS. 

Considered  from  a  highway  standpoint,  Alaska,  owing  to  its  vary- 
ing topography  and  natural  conditions,  may  be  divided  into  three 
provinces — the  South  Coast  province,  the  central  Yukon  province,  and 
the  Seward  Peninsula  province.  Opportunity  was  had  to  inspect  the 
excellent  wagon  roads  which  liave  been  built  in  the  northwest  portion 
of  Canada  by  the  Canadian  government.  The  figures  courteously 
given  by  the  officers  of  the  Canadian  department  of  public  works  rel- 
ative to  the  cost  of  highway  construction  in  the  Yukon  Territory  are 
considered  representative  of  the  probable  cost  of  such  construction  in 
the  central  Yukon  province  of  Alaska.  This  and  other  information 
is  embodied  in  table  16,  and  portions  of  it  are  elaborated  in  the  suc- 
ceeding pamgraphs.  The  object  of  the  table  is  to  show,  in  a  form 
easy  for  comparison,  the  costs  of  road  building  in  the  Northwest  as 
exemplified  by  and  estimated  from  previous  experience. 

aSo  low  a  cost  would  not  have  been  possible  had  not  teamsters  hauled  all  necessary  supplies  gratis. 
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The  portions  of  Alaska  represented  by  Alaska  Peninsula  and  neigh- 
boring islands,  and  the  Copper  River  basin,  north  of  Prince  William 
Sound,  have  not  been  especially  considered,  as  there  appears  to  be  no 
present  need  there  of  expensive  routes  of  communication.  In  general 
it  may  be  said,  however,  that  the  cost  of  construction  in  Alaska  Penin- 
sula is  the  same  as  in  Seward  Peninsula,  and  the  cost  in  the  Copper 
River  basin  the  same  as  in  the  central  Yukon  province. 

Table  16. — Cost  of  road  construction. 


T/ocality. 

Authority. 

Construction,  cost 
per  mile. 

Annual 
mainte- 
nance, cost 
per  mile. 

Notes. 

South  Coast  prov- 
ince: 

Juneau 

Private  construct- 
ors. 

.... .do  

$3,750 

6,000 

300-1,000 

1,500-3,300 

250-350 
3,000-4,000 

6,000 
1,200-3,000 

300 

Good  road   built 

Skagway— 
White  Paas. 

British  Columbia: 

Atlin 

under  creat  to- 
pographic diffi- 
culties. 

Road    no    longer 
used. 

Good  roads  easily 
built,  very  little 
*    corduroy. 

Standard      high- 
ways construct- 
ed as  described 
below. 

Sled     or    winter 

B.  C.  Atlin,  gold 
commissioner. 

Canadian  depart- 
ment of  public 
works  of  Yukon 
Territory. 

do 

. 

Yukon  Territory: 

Dawson     and 
vicinity. 

Do 

$350 

25 
500 

Seward  Peninsula; 

Nome  and  vi- 
cinity. 

Do 

Estimates   based 
on  cost  of  rail- 
ways    already 
constructed. 

Private    railway 
enterprises  now 
in  operation. 

Estimate     based 
on  work  done 
by      Canadian 
government  in 
Yukon     Terri- 
tory. 

do 

trails;       rarely 
used  in  summer. 

Standard      high- 
ways construct- 
ed as  described 
below. 

Railway  —  3- foot 

Central  Yukon: 

Tanana,  Birch 
Creek,   and 
Koyuknk 
districts. 

Do 

350 

25 

< 

gauge,20-pound 
rail,   2,600   ties 
to  mile. 

Standard      high- 
ways construct- 
ed as  described 
below. 

Sled     or    winter 

trails. 
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SOUTH  COAST  PROVINCE. 

Wagon  roads,  while  extremely  useful  in  this  portion  of  Alaska,  cost 
so  much  that  it  is  not  likely  they  will  be  built  except  as  heretofore,  by 
private  enterprise,  to  accommodate  individual  mining  properties  or 
groups  of  mines.  The  province  is  likely  to  prove  in  the  future,  as  it 
has  proved  in  the  past,  more  important  from  the  standpoint  of  quartz 
mining  than  of  alluvial  mining.  The  construction  of  roads  is  none 
the  less  desirable  on  this  account,  and  should  any  large  area  capable  of 
producing  mineral  be  found  at  a  point  remote  from  the  coast,  a  high- 
wa}'  to  it  over  which  freight  could  be  handled  all  the  year  round  would 
be  highly  desirable.  Winter  conditions  are  exceedingly  severe  in  the 
higher  mountains.  In  the  construction  of  the  White  Pass  and  Yukon 
Railway,  llOi  miles  in  length,  1,500  men  were  employed  for  twenty- 
six  months.  Train  service  is  maintained  throughout  the  winter  under 
considerable  difficulty,  both  heavy  winds  and  heavily  drifted  snow 
being  frequently  encountered.  Rotary  snow  plows  have  to  be  run 
daily,  encountering  drifts  from  15  to  35  feet  in  depth.  The  average 
cost  of  handling  snow  for  a  season  is  $75,000.  Characteristic  South 
Coast  province  topography  is  illustrated  by  PL  XVI,  A^  p.  114. 

ATLIN  DISTRICT  AND  YUKON  TERRITORY. 

In  the  Atlin  district  of  British  Columbia,  which  was  visited  during 
the  present  investigation,  the  topography  is  comparatively  favorable 
to  road  construction,  and  it  will  be  noticed  from  the  table  that  the 
cost  is  low.  PI.  XXXVIII,  B^  p.  220,  shows  a  characteristic  view  of 
an  Atlin  road. 

.  The  Yukon  Territory  of  Canada  offers  the  most  instructive  lesson  in 
practical  highway  construction  in  the  north,  and  affords  a  striking 
contrast  in  this  respect  to  the  adjacent  American  domain.  The  officers 
of  the  department  of  public  works  of  the  Yukon  Territory,  notably 
Mr.  S.  A.  D.  Bertrand,  the  superintendent,  and  Mr.  W.  Thibaudeau, 
the  Territorial  engineer,  were  kind  enough  to  place  at  my  disposal  the 
data  relative  to  the  building  and  maintenance  of  the  public  roads. 
The  following  summary  can  not  fail  to  be  of  interest  in  this  connection: 

The  longest  road  in  the  Territory  is  from  Dawson  to  White  Pass, 
342  miles.     Its  history  dates  from  1899. 

Prior  to  1899  all  freight  from  Dawson  was  transported  to  the  min- 
ing creeks  by  pack  animals  in  summer,  and  sledded  either  with  dogs 
or  horses  over  the  ice  and  snow  in  winter. 
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The  foUowing  table  shows  the  wagon  roads  and  sled  roads  con- 
structed: 

Hoods  construcUdfrom  1899  to  1903, 


1899. 

1900. 

1901. 

1902. 

1906. 

Total. 

Wagon  roads 

MUes. 
45 
160 

Miiet. 
32 
10 

Miles. 

63.00 

80.25 

MiUs. 

85.81 
372.00 

Miles. 
26 
4 

Miles. 
251.81 

Sled  roads 

626.25 

Amount  expended  from  1899  to  190S  in  constructing  and  maintaining  roads  and  bridges 
in  Yukon  Territory ,  Canada. 

1899 $50,000.00 

1900 205,609.72 

1901 147,174.90 

1902 228,543.88 

1903 398,789.95 


Total 1,030,118.45 

Average  cost  of  construction  for  wagon  road  was  $1,500  to  $3,300 
per  mile.  Average  cost  of  construction  for  sled  or  winter  trail  was 
$250  to  $350  per  mile.  The  cost  of  repair  and  maintenance  of  wagon 
roads  was  $350  per  mile  per  annum.  The  cost  of  repair  and  main- 
tenance of  sled  roads  was  $25  per  mile  per  annum. 

The  following  comparative  statement  shows  transportation  charges, 
per  100  pounds  between  Dawson  and  a  few  of  the  important  mining 
centers  in  1899,  previous  to  the  construction  of  the  wagon  roads,  and 
in  1904.  The  improved  condition  means  a  direct  benefit  to  the  miners 
of  at  least  600  per  cent  on  all  supplies  and  machinery  freighted  by 
wagons  over  first-class  roads: 

Transportation  charges,  per  100  pounds,  from  Dawson  to  important  mining  centers  in 
Yukon  Territory,  Canada. 


From  Dawson  to— 

Distance. 

1899. 

1904. 

Grand  Forks 

Miles. 

12 
20 
33 
35 
55 

$7.00 
8.00 
12.50 
12.50 
18.00 

$1.00 

Gold  Bottom 

1.50 

Caribou 

2.00 

Discovery  Sulphur 
Gold  Run 

2.00 

3.00 
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The  following  is  a  statement  of  the  localities  served  by  wagon  roads: 

Localities  served  by  wagon  roads,  with  mUea^e^  in  Yukon  Territory^  Canada. 

MUes. 

Bonanza  Creek 18.00 

Lovett  Gulch 1.50 

Adams  Gulch 1. 75 

Eldorado  Creek 7.65 

Calder  Creek 5.60 

Gold  Hill 50 

Quartz  Creek 5. 00 

Indian  River  and  Eureka  Creek 18. 00 

Hunker  Creek 24.35 

Bear  Creek 3.00 

Last  Chance  Creek 2. 50 

Gold  Bottom  Creek 5.40 

Dominion  Creek 16. 25 

Sulphur  Creek 9.56 

West  Dawson 41 

Henderson  Creek 13. 00 

Duncan  Creek  (Stewart  River  district) 20. 00 

Livingstons  Creek  ( Big  Salmon  district) 16. 00 

Copper  King  mines  (White  Horse  district) 4. 20 

Grafter  copper  mine 5. 44 

Ridge  road  and  spurs  to  Grand  Forks,  Gold  Bottom,  Caribou; and  Gold  Run.  73. 70 

Total 251.81 

Following  is  a  statement  of  the  localities  served  by  sled  roads: 

Localities  sensed  by  sled  roads,  with  mileage,  in  Yukon  Territory,  Canada. 

Miles. 

Old  River  cut-off  from  Lake  Labarge  to  Hutchi,  cut  out  in  1899 160. 00 

Dawson- White  Horse,  overland  mail  route 350. 00 

Glacier-Miller  Creek,  Sixtymile  district 58. 25 

Bucher  Creek,  Sixtymile  district 20. 00 

Lepine  Creek,  quartz  mines 14. 00 

Lower  Sulphur 8. 00 

I^ast  Chance  (upper  end) 3. 00 

Lower  Dominion 6. 00 

Cut-offs,  Stewart  River 20.00 

Duncan  Creek  (upper  part) 4. 00 

Total 643.25 

Less  Eureka  end  of  Dawson- White  Horse  trail  (covered  into  wagon  road)..     17.00 

626.25 

The  estimate  for  the  amount  required  for  maintenance  of  roads  and 
bridges  in  the  Yukon  Territory  for  the  year  ending  June  30,  1904,  is 
$103,190. 

The  men  employed  in  road  construction  are  paid  $5  and  board  per 
day  of  ten  hours.  A  team  of  horses,  used  in  scraping  or  carting,  is 
reckoned  at  $25  per  day,  including  wages  of  the  driver.  Foremen  are 
paid  $6  and  board  per  day  of  ten  hours. 
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Several  bridges  of  a  permanent  character  have  been  built  in  the 
Territory,  the  principal  of  which  is  the  Ogilvie  steel  bridge  over 
Klondike  River,  the  cost  of  which  was  $35,000.  It  is  seen  in  PL 
XXXIX,  A. 

The  method  of  constructing  the  road  in  the  Yukon  Territory,  where 
frozen  muck  and  gravel  flats  are  traversed,  is  illustrated  in  fig.  49. 
This  section  was  drawn  from  information  furnished  b}^  Mr.  W.  Thi- 
baudeau,  Territorial  engineer  of  the  Yukon  Territory.  It  has  been 
the  experience  that  over  frozen  ground  this  type  of  road,  costing 
$3,200  per  mile,  can  be  maintained  with  much  less  expense  than  roads 
running  along  the  hillsides.  With  roads  of  the  kind  here  illustrated 
it  has  been  found  best  to  leave  the  moss  intact  under  the  bed  of  poles, 
for  it  protects  the  ground  from  thawing;  the  black  frozen  muck,  hav- 
ing the  consistency  of  solid  stone,  remains  as  a  firm  bed.  The  inside 
faces  of  the  side  ditches  are  not  always  banked  with  sod,  but  such  bank- 
ing affords  additional  protection.     The  ditches  are  cut  either  entirely 


y^\  Broken  stone  orgrairef 
j  Brush  /a/tf  crossm'se 
joe  c| ^%*%v ^^^^ /enyMnr/se 

I  frozen  /nt/cA" 


D/M£A/S/0/ifS 
/6  feet  across  top  ofroaof 
3  feet  cfept/i  ofaf/'tc/f 
6  inches  dept/f  ofstoneorarak^e/ 
/  foot  c^ept/f  of6rus/> 
finches  cfiameter  ofpo/es 


Flo.  49.— Method  of  constnicting  road  over  frozen  muck.  Klondike. 

in  muck  or  partly  in  muck  and  parti}'  in  underlying  gravel.     These 
conditions  vary  with  the  thickness  of  the  muck. 

On  the  other  hand,  when  the  moss  blanket  is  cut  into,  as  is  neces- 
sarily the  case  in  all  side-hill  cutting,  the  sun  and  the  seepage  water 
gradually  thaw  the  frozen  muck,  which  becomes  a  soft,  slimy  mass. 
The  cost  of  maintenance  of  such  roads  has  been  found  so  much  greater 
than  that  of  roads  on  flat  ground  that  the  latter  are  now  constructed, 
even  if  the  distance  between  terminal  points  is  greater. 

PI.  XXXIX,  jff,  shows  a  6-mule  team  hauling  8,000  pounds  with 
a  trailer  on  an  upgrade  stretch  of  road  in  Hunker  Creek,  near  Dawson. 
PI.  XL,  A  (p.  226),  from  a  photograph  taken  in  August,  1904,  shows  a 
6-horse  team  endeavoring  to  haul  a  load  of  3,300  pounds  from  Fairbanks, 
on  Tan^ina  River,  to  Cleary  Creek,  in  the  Fairbanks  district  of  Alaska. 
Not  half  a  mile  from  the  point  where  this  picture  was  taken,  on  the 
road  to  Cleary  Creek,  a  cart  bearing  a  15-horsepower  boiler  was  seen 
broken  down,  its  wheels  buried  in  mud  and  water. 
Bull.  263—05 15 
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Two  miles  from  the  town  of  White  Horse,  Yukon  Territory,  on  the 
road  to  the  copper  deposits,  is  an  excellent  s-tretch  of  corduro}-  road 
extending  over  a  marshy  piece  of  unfrozen  ground.  The  6-inch  tim- 
bers used  for  lagging  have  all  been  flattened  on  the  upper  side  for  a 
width  of  15  feet  in  the  central  portion,  so  that  a  rough  wagon  ti^ack  is 
formed.  Thus  a  much  evener  wear  on  the  lagging  is  maintained  than 
would  be  the  case  if  the  timbers  were  left  in  their  original  round 
condition. 

CENTRAL  YUKON  PROVINCE. 

Mr.  Alfred  H.  Brooks,  in  his  article  entitled  "Placer  Mining  in 
Alaska  in  1903,"^  has  suggested  the  following  routes  for  Government 
roads  in  the  central  Yukon  province  of  Alaska: 

(1)  A  road  from  Eagle  to  the  Tanana,  the  Chistochina,  and  to  Valdez,  on  the 
coast,  a  distance  of  approximately  400  miles.  This  probably  should  follow  the  present 
well-established  trail,  which  is  used  as  winter  and  summer  mail  route.  The  most 
important  part  of  the  road  would  be  that  between  Eagle  and  the  camps  of  the  Forty- 
mile  region.  An  alternate  route  would  be  to  Fairbanks,  on  the  Tanana,  from  Copper 
River  by  way  of  the  Delta  River  valley,  a  distance  of  about  300  miles.  (2)  A  road 
to  extend  from  Circle,  on  the  Yukon,  through  the  Birch  Creek  and  Fairbanks  dis- 
trict to  the  Tanana,  a  distance  of  about  150  miles.  (3)  Rampart,  on  the  Yukon,  to 
be  connected  with  the  mouth  of  Baker  Creek,  on  the  Tanana,  by  a  road  which  would 
open  up  the  Minook  and  Baker  districts,  a  distance  of  less  than  50  miles.  (4)  A 
hundred  miles  or  so  of  road  to  be  built  in  the  Koyukuk  region  to  connect  the  gold- 
bearing  creeks  with  the  head  of  steamboat  navigation  on  Koyukuk  River.  It  is 
believed  that  these  roads  would  form  a  system  of  main  arteries  by  which  most  of  the 
placer  fields  could  easily  be  reached,  and  that  the  production  of  the  mines  would 
thereby  be  so  much  increased  as  to  fully  justify  the  expense. 

Well-constructed  roads  following  the  above  routes  would  result  in 
making*  freight  rates  in  the  placer  districts  which  the  roads  would 
trayerse  one-fourth  less  than  at  present.  The  operations  in  the  Birch 
Creek  and  New  Fairbanks  placer  districts,  for  example,  are  directly 
dependent  on  prices  of  supplies  laid  down  on  the  claims.  The  pay 
streaks  in  the  broad  creek  valleys  frequently  become  wider  and  wider 
as  freight  rates  become  lower.  Such  a  statement  would  appear  absurd 
if  applied  to  regions  where  the  charge  for  freighting  represents  only 
a  small  percentage  of  the  original  cost  of  the  commodities.  Where, 
however,  the  cost  of  material,  especially  machinery,  is  rendered  double 
or  more  by  freight  charges,  transportation  facilities  become  a  highly 
important  factor  in  considering  whether  a  given  piece  of  ground  is  or 
is  not  workable.  Prices  for  mining  supplies  in  the  town  of  Fairbanks, 
the  supply  point  for  the  new  gold-placer  region  on  tributaries  of 
Tanana  River,  are  b}^  no  means  cheap.  As  compared  with  prices  on 
the  claims  which  lie  from  15  to  25  miles  inland,  however,  they  are 


a  Bull.  U.  S.  Geol.  Survey  No.  225, 1904,  p.  57. 
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strikingly  low.  For  example,  a  hundred  feet  of  8-inch  16-gage 
hydraulic  riveted  steel  pipe  costs  in  Fairbanks  $175.  On  Fairbanks 
Creek,  20  miles  away,  the  same  100  feet  of  pipe,  with  freight  at  20 
cents  per  pound,  costs,  if  transported  in  summer,  $301,  representing  a 
freight  charge  of  $126.  In  the  Klondike,  where  the  topography  is 
nearly  the  same,  the  same  pipe  would  be  l^ded  on  a  claim  20  miles 
from  Dawson  for  a  freight  charge  of  $9.45. 

Anything  worse  than  the  present  condition  of  the  trails  in  the 
interior  of  Alaska  is  diflBcult  to  conceive.  Men  ignorant  of  the  use  of 
a  map  and  compass  are  frequently  lost  in  the  vast  maze  of  rolling 
mountains  and  undergo  hardship  and  starvation.  It  is  a  curious  fact, 
dependent  on  the  peculiar  frozen  conditions,  that  the  great  river  flats, 
where  the  present  trails  are  at  their  worst,  are  the  very  places  where 
wagon  roads  of  the  Dawson  type  can  be  most  easily  maintained.  As 
for  the  hill  country,  the  roads  can,  in  many  cases,  be  led  almost  contin- 
uously for  distances  of  from  5  to  20  miles  along  the  crests  of  gently 
rolling  divides. 

PI.  XL,  jff,  shows  one  of  the  important  producing  creeks  of  central 
Alaska,  where  a  road  is  badly  needed,  and  PI.  XLI,  A^  illustrates  the 
present  mode  of  transportation  in  that  district. 

SEWARD  PENINSULA  PROVINCE. 

In  the  central  and  western  portions  of  Seward  Peninsula,  namely, 
the  Nome,  Solomon,  Council,  Topkok,  Kougarok,  Teller,  and  York 
districts,  any  projects  of  installation  of  roads  must  take  into  account 
the  entire  absence  of  native  timber.  The  region  so  defined  is  the  one 
which  has  attained  importance  as  a  gold-producing  area,  while  the 
eastern  portion  of  the  province,  where  scant  growth  of  spruce  does 
occur,  is  not  at  present  productive.  PI.  XLII  illustrates  typical 
Seward  Peninsula  topography. 

Owing  to  these  conditions  wagon-road  construction  which  employs 
the  use  of  timber  in  any  form  will  be  expensive,  and  as  seen  by  the 
table  given  previously  in  this  paper,  the  cost  of  building  the  narrow- 
gage  railways  which  have  done  excellent  service  in  Seward  Penin- 
sula is  $6,000  per  mile,  exclusive  of  rolling  stock,  while  a  wagon  road 
of  the  Dawson  type  will  rarely  fall  below  $1^,000  per  mile.  The  I'ates 
for  hauling  on  these  railways  may  be  reckoned  at  $1  per  ton  per  mile. 
In  summer,  wagons  with  broad  tires  now  haul  freight  over  roads  which 
have,  as  it  were,  made  themselves,  at  rates  of  $1.50  to  $3  per  ton  per 
mile,  varying  according  to  the  nature  of  the  country  traversed. 

It  is  questionable  whether  wagon  roads,  extensively  built  and 
aiming  at  permanency,  will  ever  be  constructed  in  Seward  Peninsula 
to  supply  the  needs  of  the  gold-mining  communities.     The  Nome 
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Arctic  Railway,  from  Nome  to  Anvil  Creek,  12  miles  long,  the  ties  of 
which  are  laid  for  a  portion  of  its  length  on  a  2-inch  plank  bed,  appears 
to  serve  a  useful  purpose.  Onlj'^  seventy  days  were  consumed  in  the 
construction  of  the  12  miles.  The  Wild  Goose  Railway,  also  of  3-foot 
gage,  from  Council  to  Ophir  Creek,  has  been  constructed  in  a  similar 
manner.  Sixteen  miles  of  a  standard-gage  railway,  the  Council  City 
and  Solomon  River  Railway,  have  also  been  completed.  Considering 
the  comparative  cheapness  with  which  railway  material  can  be  hauled 
at  various  points  in  Seward  Peninsula,  it  is  likely  that  short  lines 
of  railway  will  continue  to  be  built  by  private  enterprise  to  supply 
the  several  inland  mining  communities. 

The  suggestion  is  here  made  that  narrow-gage  pole  tramways  laid 
over  the  tundra  might  in  some  cases  be  used  in  parts  of  Seward 
Peninsula  for  long  hauls.  They  would  be  expensive  to  construct  and 
maintain,  but  would  not,  of  course,  compete  with  winter  transpor- 
tation. 

In  view  of  the  small  cost  of  narrow-gage  railways  in  Seward 
Peninsula  and  the  small  annual  maintenance  cost,  as  compared  with 
what  it  would  probably  cost  to  maintain  wagon  roads,  the  Federal 
Government  should  aid  in  tramway  rather  than  wagon-road  construc- 
tion in  that  portion  of  Alaska.  The  light  industrial  railways  now 
manufactured  by  various  firms  could  be  constructed  with  special 
modifications  for  the  tundra  country,  and  could  be  shipped,  knocked 
down,  to  different  portions  of  the  peninsula. 

In  conclusion,  I  would  say  that  of  the  three  provinces  of  Alaska 
above  specified,  the  central  Yukon  province  is  most  in  need  of  Federal 
aid  for  highway  construction.  By  this  means  placer  districts  now 
lying  idle  could  be  made  to  support  a  numerous  population,  and  it  is 
doubtful  whether  any  other  form  of  assistance  would  prove  as  bene- 
ficial as  stimulating  prospecting  for  new  placer  fields. 

FREIGHT  RATES. 

FREIGHT  RATES  FROM  THE  STATES. 

The  present  freight  and  passenger  rates  from  Tacoma,  Seattle,  and 
San  Francisco  to  the  main  supply  points  of  Alaska  accessible  by  ocean- 
going steamers  are  given  in  table  17  (pp.  230-231). 

Freight  rates  are  fairly  constant  from  year  to  year,  but  passenger 
rates  vary  from  one  season  to  another,  according  as  the  different 
steamship  companies  are  competing  or  temporarily  combined.  Return 
passenger  rates  may  be  reckoned  at  generally  25  per  cent  higher  than 
north  bound,  but  occasionally  rise  to  KM)  per  cent  higher.  During 
1904  the  return  rates  from  Nome  were  double  those  outgoing.     It 
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should  be  noted  also  that  the  return  rates  are  higher  on  the  last 
steamers  than  on  those  returning  early  in  the  season. 

Service  is  maintained  all  the  year  round,  with  the  exception  of  the 
Seward  Peninsula  service,  St.  Michael,  and  points  far  up  Cook  Inlet. 
Between  these  points  and  Seattle,  service  can  be  reckoned  on  from 
May  15  to  October  15  only. 
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T  A  BLK  17.  —  Ocean  freight  and  jnissenger  rales  for  1904  from 


Wrangell 

Juneau 

Skagway 

Yakutat 

Valdez 

Seward 

Hope  and  Sunrise . 
Sand  Point 


/St  Michael. 

g  Cheenik 

T*  Solomon 

9 

'^^Nome 

o 

a 

5  Teller 

« 

>  York 

o 

CO 

iBluff 

Kiwallk 


c  o. 


Per  Ion. 
19.00 

10.00 

11.00 

13.00 

11.00 

16.00 

19.50 

18.00 

15.00 
15.00 
15.00 
15.00 
25.00 
26.00 
25.00 
45.00 


2i- 

c 

*€  bo 


Per  Ion. 
Sll.OO 

12.00 

13.00 

15.00 

13.00 

18.00 

21.50 

20.00 

15.00 

15.00 

15.00 

15.00 

25.00 

25.00' 

I 

25.  OO' 

45.00 


o8 

"So 

c 
.a 

111 

a. 


Per  ton.     Per  ton. 
$14.00        $18.00 


15.00 
16.00 
18.00 
16.00 
21.00 
24.50 
22.50 

20.00 

20.00 

20.00 

20.00 

30.00 

I 

30.00' 

30.00 


Pi 


-as 

£ «     I 


Per  ton. 

922.00    Special 
contract. 


19.00 
20.00 
22.00 
20.00 
25.00 
28.50 
27.50 

20.00 
25.00 
25.00 
25.00 
36.00 
35.00 
35.00 


23.00 


24. 00.... do. ..| 


26.00'....do.- 


24.00 
29.00 


...do.. 


....do.. 
....do... 


32. 50. ...do.. 


32.50 


35.00 


...do... 


I 


I 


$50  and 
higher. 

36. 00... .do... 
86.00!.... do... 


35.00 
45.00 
45.00 
45.00 


....do... 

960  and 
higher. 

....do... 
....do... 


Coal  is  shipped  from  different  points  to  Alaska,  and  the  local  price  is  given  in  tables  for  different 
Alaska  towns. 

Coal  in  sacks  per  ton.  2,240  pounds,  Seattle  to  St.  Michael  or  Nome,  912. 

Freight  and  passenger  rates  from  San  Francisco  to  an  v  of  the  above  points  do  not  exceed  5  per  cent 
above  Seattle  rates. 

The  winter  pa.««enger  trip  between  Seattle  and  Nome,  via  White  Pass  and  Dawson,  includes  steamer, 
rail,  horse^tage,  and  dog-sled  travel,  consumes  three  months,  and  costs  about  $1,000. 
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Seattle  to  Alaska  coast  points^  including  lightering  when  necessary. 
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In  table  18  are  given  the  through  freight  and  passenger  rates  from 
San  Francisco  or  Seattle  to  Dawson,  in  Yukon  Territory,  and  to  Eagle, 
Circle,  Fort  Gibbon,  and  Fairbanks,  in  Alaska,  via  the  White  Pass 
route. 

Table  19  gives  the  through  rates  from  San  Francisco  or  Seattle  to 
the  above-named  points,  via  St.  Michael  and  Yukon  and  Tanana  rivers. 

While  during  the  open  or  summer  season  the  all-water  transport  of 
freight  via  St.  Michael  is  cheaper,  the  river  steamboat  service  has  not 
yet  been  developed  to  a  sufficient  extent  to  insure  prompt  and  regu- 
lar delivery.  Should  the  Tanana  gold  fields  prove  important,  however, 
the  all-water  route  will  probably  be  the  one  most  practical  for  the 
transportation  of  supplies.  It  has  the  additional  recommendation  that 
by  means  of  it  the  crossing  and  recrossing  of  the  Canadian  frontier  is 
avoided.  On  the  other  hand,  via  the  White  Pass  route,  freight  can  be 
landed  at  Fairbanks  much  earlier  than  via  the  all-water  St.  Michael 
route. 

It  should  be  state*d,  in  the  consideration  of  table  18,  that  the  White 
Pass  and  Yukon  Railway  has  established  three  classifications  of  freight 
for  through  shipments,  the  regular  rates  for  which,  on  less  than  10 
shipments  from  Seattle  to  Dawson  for  the  summer  season,  are  as 
follows: 

Class  A,  including  mining  tools  and  articles  bulky  and  not  easily 
destructible,  $65  per  ton. 

Class  B,  including  more  fragile  articles,  $80  per  ton. 

Class  C,  including  small  supplies,  $95  per  ton. 

Shippei*s  should  remember  that  a  package  containing  any  article 
coming  under  a  higher  class  than  that  comprising  the  bulk  of  the 
package  is  charged  at  the  highest  rate.  This  applies  also  to  unspeci- 
fied packages. 

A  list  of  mining  supplies,  on  which  a  special  reduction  is  made  for 
transport  from  Seattle  to  Dawson  between  July  1  and  August  15,  is 
given  following  table  18. 

The  winter  freight  rates,  via  the  White  Pass  route,  exceeding  $560 
per  ton  from  Seattle  to  Dawson  need  not  l)e  considered,  as  they  ai*e 
prohibitive,  except  in  emergency  cases.  This  route  necessitates  a 
haulage  of  nearly  300  miles  by  sleds. 
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The  following  rates  from  Seattle  to  Dawson,  via  the  White  Pass 
route,  on  commodities  especially  applicable  to  placer  mining,  are 
also  giveo  for  summer  traffic  between  July  1  and  August  15: 

Freight  rates  from  Seattle  to  Dawson,  via  White  Pass  route,  from  July  1  to  August  15, 

Lumber,  rough  (including  flume  lumber  or  lumber  dressed  on  one  side 

only) per  M  feet..  $48.75 

Oats  and  feed,  in  straight  or  mixed  carloads per  ton. .    55. 00 

Hay  ( compressed  to  at  least  22  pounds  per  cubic  foot )  7  tons  or  over do 52. 60 

Blacksmith's  coal,  20,000  pounds  and  over do 47. 50 

Coal  oil,  20,000  pounds  and  over do 47.50 

Candles,  20,000  pounds  and  over do 55. 00 

Nails,  horseshoes,  bolts,  nuts,  and  spikes,  20,000  pounds  and  over do 47. 60 

Flour,  20,000  pounds  and  over do 52.00 

Beef  in  barrels do 62.50* 

Iron  and  iron  articles:  Angle,  band,  bar,  boiler,  rod,  hoop,  sheet  and  galvan- 
ized iron,  sheet  steel,  T  rails,  wire  rope,  bolts,  anvils,  nuts,  nails,  chains, 

per  ton 52.00 

Hardware  supplies:  Asbestos  cement,  asphaltum,  axle  grease,  bags  and  bag- 
ging, cement,  clay  (fire),  handles,  oil  (lubricating  in  cases),  pulleys,  iron 
pumps  (hand),  rope  and  cordage,  tar,  tin  plate,  varnish,  wheelbarrows, 
per  ton 55.00 

Table  19. — Through  freight  and  passenger  tariff  for  1904,  between  San  Francisco,  Seattle, 
and  Yukon,  Koyukuk,  and  Tanana  River  points,  via  St.  Michael. 


Passe 

North  bound. 

South  bound. 

ngers. 

Freight  per  ton 

of  2.000  pounds, 

or  40  cubic  feet, 

ship's  option. 

Passengers. 

Freight  per  ton 
of  2.000  iMunds, 
or  40  cubic  feet, 
ship's  option. 

First 
class. 

Second 
clafif*. 

First 
class. 

Second 
class. 

Anvik 

$103.  00 
112.50 
112.50 
125.00 
150.00 
127. 50 
135.00 
135.00 
140.00 
140.00 
140.00 
150.00 
165.00 

$70.00 

80.00 

80.00 

88.00 

110.00 

90.00 

95.00 

95.00 

100.00 

100.00 

100.00 

$40.00 
50.00 
50.00 
55.00 

100.00 
67.00 
62.00 
65.00 
70.00 
70.00 
70.00 

100.00 

135.00 

$97.00 
105.00 
105.00 
112.50 
125.00 
115.00 
120.00 
120.00 
125.00 
125.00 
125.00 
130.00 
140.00 

$66.00 
70.00 
70.00 
75.00 
90.00 
77.50 
85.00 
85.00 
90.00 
90.00 
90.00 

$35.00 

Nulato 

40.00 

Koyukuk  mouth 

Fort  Gibbon 

Fairbanks 

40.00 
45.00 
75.00 

Rampart 

48.00 

Fort  Yukon 

Circle 

53.00 
55.00 

Eacle 

58.00 

Forlymile 

59.00 

Dawson 

60.00 

Bergman 

75.00 

Settles 

95.00 
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Heavy  pieces. — On  shipments  to  and  from  all  river  points,  single  pieces  or  packages 
weighing  between  750  and  1,000  pounds,  add  20  per  cent;  between  1,000  and  1,500 
pounds,  add  30  per  cent;  between  1,500  and  2,000  pounds,  add  40  per  cent;  between 
2,000  and  3,000  pounds,  add  60  per  cent;  between  3,000  and  4,000  pounds,  add  80 
per  cent;  between  4,000  and  5,000  pounds,  double  rate;  over  5,000  pounds  taken 
only  by  special  contract. 

LOCAL  FREIGHT  AND  PASSENGER  TARIFFS. 

Table  20. — Freight  and  passenger  rateSf  for  1904,  via  river  steamer  from  Dawson  to 
points  on  Yukon  and  Tanana  rivers.     Return  rates  from  10  to  SO  per  cent  higher. 


Da  W8on  to- 


Freight  per 

ton  of  40 
cubic  feet  or 
2,000  pounds. 


Fortymile,  53  miles  . . . 

Eagle,  102  miles 

Circle,  292  miles 

Fort  Yukon,  377  miles. 

Rampart,  620  miles 

F^banks,  1,000  miles . . 
Fort  Gibbon,  700  miles 

Nulato,  991  miles 

Anvik,  1,196  miles 

St.  Michael,  1,601  miles 


$10.00 
12.00 
18.00 
21.00 
26.00 
70.00 
28.00 
35.00 
39.00 
48.00 


Passengers. 


Firet 
class. 


$7.00 
9.00 
17.00 
21.00 
31.00 
70.00 
34.00 
45.00 
54.00 
70.00 


Second 
class. 


$5.00 
7.00 
13.00 
16.00 
23.00 
50.00 
25.00 
34.00 
41.00 
50.00 


Lumber,  one  and  one-half  the  above  rates  per  1,000  feet  B.  M. 
•  Horses  and  cattle,  1  to  5,  one  and  one-half  the  above  rates  for  each  head;  6  to  10, 
one  and  one-quarter  rate  each  head;  over  10,  one  rate  each  head. 

See  footnote  table  19  in  regard  to  shipment  of  heavy  pieces. 

Table  21. — Local  passenger  and  freight  tariff  on  Tanana  River. 

PASSENGER  TARIFF. 


Upstream. 

Downstream. 

\^            From— 
To-                \. 

M 

80 
$20 

C8 

1 
I 

115 

$25 
10 

1 

180 

$30 
20 
13 

1 

^\              From— 
To—                    \. 

i 

o 

120  I  1H5  1  220 

$15  $20   $25 
10  1  15  1  20 

i 

Miles  from  Tanana. . . 
Tanana 

286     300 

$40  '$40 
30  1  35^ 
20     30 
20  1  25 

Miles  Irom  Fairbanks 
Fairbanks 

15 

300 

$t>5 

Baker  Creek 

Chena 

25 

Tolovana 

1 
Neenana  

10     15 
5 

20 

Neenana .. 

Tolovana 

15 

Chena 

10 

Baker  C^reek 

10 
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Table  21. — Local  passenger  and  freight  tariff  on  Tanana  River — Continued. 


FREIGHT  TARIFF.  « 


Upstream. 


From— 


To- 


Miles  from  Taoana. 


Tanana 

Baker  Creek . 

Tolovana 

Neenana  

Chena 


$20 


115 


$25 
15 


180 

$35 
25 
20 


286 


$45 
35 
30 
25 


300 

$45 
40 
35 
30 
20 


Downstream. 


From — 


To- 


Miles  from  Fairbanks 


Fairbanks . . . 

Chena 

Neenana  

Tolovana  ... 
Baker  Creek 


15 


$15 


120 


15 


I 


185 

$25 
20 
15 


220 


$30 
25 
20 
15 


s 

1 

900 


$30 
30 
25 
20 
15 


a  Per  ton  of  2,000  pounds,  or  40  cubic  feet,  ship's  option. 
Table  22. — Local  passenger  tariff  on  Koyukuk  River,  season  1904. 

UPSTREAM. 


^\^                  From— 
To—                                   \^ 

1 

1 

1 

1 

152 
$16 

13 

2 
9 
Q 

176 

$18 

16 

5 

9 

I 
1 

240 

$24 
22 

11 

8 

816 

1 

390 

d 
1 

424 

$48 
46 
35 
32 
25 
16 
8 

460 

$51 
50 
40 
37 
30 
21 
13 
8 

> 

2 

1 

< 

470 

$54 
53 
43 
40 
33 
24 
16 
13 
5 

1 

506 

$60 
59 
49 
46 
39 
30 
21 
17 
15 
10 

t 

1 

Miles  from  Nulato 

16 

540 

Nulato 

1 
$34   $44 

$66 

Koyukuk  mouth 

32 
21 
18 
10 

42 
31 

28 
21 
10 

65 

Dagitli  River 

54 

Dulbi  River 

52 

Seattle  Point 

45 

Hog  River 

1 



37 

Rock  Island  Point 

! 

28 

Rivl  MnnntAin  ,.,,,.., 





i 

24 

Bergman 

1 

... 

20 

Allen  River 

....L..A.._L 

15 

Peavv ' 

1 

10 
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Table  22. — Lo<xU  pamenger  tariff  on  Koyukuk  River j  season  1904 — Continiied. 

DOWNSTREAM. 


From— 


To- 


Miles  from  BetUes j   32 


70 


Bettles 

Peavy 

Allen  River 

Bei^gman 

Red  Mountain 

Rock  Island  Point . 

Hog  River 

Seattle  Point 

Dolbi  River 

Dagitli  River 

Koyuknk  mouth. . . 


$5 ;  $9 


80 


116 


$10 

6 
3 


$15 

12 

8 

6 


160 


$20 

17 

13 

9 

5 


225 


$26 
22 
18 
14 
10 
8 


300 


|$34 
30 
26 
22 
18 
14 
8 


865 


$38 
34 
30 
26 
22 
18 
12 
6 


$40 
36 
32 
29 
24 
20 
15 
7 
4 


520 

$50 
47 
43 
40 
34 
30 
24 
17 
14 
11 


540 
$51 

48 
44 
41 
35 
31 
25 
18 
15 
12 
5 


Table  23. — Packing  rales  per  100  pounds  from  Bampart,  Alaska^  to  various  points 

in  1904. 


Hunter  Creek 

Little  Minook  Creek. 

Hoosier  Creek 

Ruby  Creek 

Slate  Creek 


Over  divide  to  Pioneer  Glen,  Rhode  Island,  Omega, 
and  Thanksgiving  creeks 


DiflUnce. 

WJnter.a 

Summer. 

MOet. 
4 

$2.00 

$4.00 

6 

2.00 

4.00 

8 

2.00 

4.00 

10 

2.00 

6.00 

13 

2.00 

8.00 

25to32 

6.00 

15.00 

a  It  should  be  said  in  regard  to  winter  transnortation  that  horses  are  gradually  replacing  dogs  in 
all  parts  of  Alaska.  The  dog  is  theoretically  cneaper  to  feed  than  the  horse.  He  gives  more  trouble, 
is  more  likely  to  give  out  on  the  trail,  and  experience  has  shown  that  in  r^ons  where  horse  feed  can 
be  obtained,  and  where  much  sledding  is  done,  horses  are  cheaper. 

Circl^-Fatrhanks  pucking  rates. — The  town  of  Circle,  being  the 
nearest  point  on  Yukon  River  to  tlie  placer  districts  of  Birch  Creek 
and  Fairbanks,  has  some  importance,  especially  in  winter,  as  a  dis- 
tributing center  for  those  districts.  The  rates  for  packing  in  summer 
by  horses  and  in  winter  by  dog  sleds  from  Circle  are  given  in  table  24. 
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Table  24. — Packing  rates  per  JOO  pounds  from  Circle  to  various  points. 


Dead  wood  Creek 

Eagle  Creek 

Fairbanks  Cieek 

Fairbanks 

Fort  Gibbon  to  Cleary  Creek. 


Distance. 

Winter. 

Miles. 

60 

$3.00 

80 

6.00 

135 

15.00 

150 

35.00 

60.00 

Sammer. 


$25.00 
30.00 
75.00 

100.00 


Packing  rates  at  Fairbanks, — These  summer  rates  are  continually 
being  reduced  as  the  trails  are  improved,  but  the  following  may  be 
regarded  as  those  that  will  obtain  in  1905: 

Table  25. — Packing  rates  per  100  pounds  from  Fairbanks  to  various  points. 


Pedro  Creek 

Chatham  Creek 

Cleary  Creek 

Upper  Fairbanks  Creek 
Lower  Fairbanks  Creek 


Distance. 

Winter. 

Miles. 

15 

$2.00 

20 

2.50 

22 

2.50 

23 

3.00 

25 

3.00 

Summer. 

$10.00 
10.00 
15.00 
20.00 
25.00 


In  the  summer  of  1904  six-horse  teams  were  engaged  in  hauling  loads 
not  exceeding  li  tons  from  Fairbanks  to  the  creeks.  The  conditions 
under  which  this  hauling  was  done  may  be  seen  from  PI.  XL. 

The  nearest  American  supply  point  to  the  creeks  of  the  Fortymile 
region  is  Eagle,  but  this  town,  on  account  of  its  remoteness  and  the 
absence  of  good  roads,  is  at  present  of  only  subordinate  importance 
to  the  miners.  Dawson,  although  in  Canadian  territory,  is  a  more 
convenient  place  to  procure  supplies.  These  are  bought  generally  in 
the  fall  and  freighted  to  the  creeks  on  sleds  with  dogs  or  horses  during 
the  winter,  either  by  way  of  Sixt^^mile  Creek  or  Fortymile  Creek.  In 
the  summer  freight  is  carried  by  pack  train  from  Eagle  or  by  boats 
from  the  Yukon  up  Fortymile  Creek.  The  winter  rates  from  E^agle 
in  1903  averaged  about  $5  per  100  pounds;  the  summer  rates  about  $25. 

Freighting  to  the  new  placer  district  of  the  Porcupine  is  done  by 
wagon  haul  across  Chilkat  River  to  Portage  Point,  thence  to  Kluk- 
wan  in  canoes,  which  are  poled  upstream,  sometimes  under  great  diflB- 
culties.  From  Klukwan  the  supplies  are  hauled  up  the  Klehini,  15 
miles,  to  the  town  of  Porcupine.  The  rate  from  Haines  Mission  to 
Porcupine  is  $3.50  per  100  pounds,  and  to  Pleasant  Camp,  6  miles 
beyond  Porcupine,  it  is  $5  per  100  pounds. 
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Freight  for  the  Chistochina  district  must  be  packed  on  horses  from 
Valdez,  via  the  military  road  to  the  Chistochina,  and  then  up  the  river. 
The  rate  in  1903  was,  in  summer,  $10  per  100  pounds,  and  in  winter 
$3.50  per  100  pounds. 

A  railway  has  been  projected  from  Resurrection  Bay  on  the  Alaska 
coast  up  the  Sushitna  and  down  the  valley  of  Cantwell  River  to  the 
Tanana,  thence  across  to  the  Yukon  at  Rampart.  A  few  miles  of 
the  road  have  actually  been  constructed  from  the  Resurrection  Bay 
terminus.  There  is  little  doubt  that  a  railway  following  either  this 
route  or  one  following  the  already  surveyed  route  from  Valdez  to 
Tanana  Crossing  would  pay  as  an  investment.  The  benefit  of  such 
lines  of  railway  to  the  south  interior  portion  of  Alaska,  including  the 
Hope  and  Sunrise,  Chistochina,  and  Fairbanks  placer  districts,  is 
unquestionable. 

Freight  rates  from  Hope  and  Sunrise  to  the  mining  creeks  in  the 
vicinity  are  as  follows: 

Supplies  are  freighted  from  Sunrise  to  Mills  Creek,  about  18  miles, 
for  5  cents  per  pound. 

From  Sunrise  to  Lynx  Creek,  between  20  and  25  miles,  for  about 
the  same.     This  is  contract  work. 

Supplies  are  boated  from  Sunrise  to  mouth  of  Glacier  Creek  (7  to  8 
miles)  and  there  packed  to  Crow  Creek  (6  to  7  miles)  for  3  to  3^  cents, 
but  this  is  by  private  yearly  contract.  The  miners  usually  bring  their 
own  supplies  over  the  snow  in  the  winter  time  so  that  there  is  not  much 
freighting. 

The  transportation  of  supplies  from  supply  points  on  Seward  Pen- 
insula to  the  mining  creeks  is  done  mainly  by  hauling  in  wagons;  in 
some  cases,  as  from  Cheenik  to  Council,  by  ilatboat,  and  in  three 
cases,  Nome-Anvil  Creek,  Solomon-East  Fork,  and  Council  Number 
15,  Ophir  Creek,  by  railway.  Between  points  on  the  coast  the  summer 
transportation  depends  on  small  ocean-going  boats,  for  the  most  part 
gasoline  launches,  whose  trips  are  not  regular,  as  landings  at  Nome, 
Solomon,  Bluff,  and  York  depend  on  the  weather.  All  supplies  larger 
than  those  which  can  be  transported  in  dories  must  be  lightered  at  the 
above-named  points.  Charges  for  lightering  at  Nome  are  included  in 
table  26.  It  should  be  understood  that  the  ocean  rates  to  Seward 
Peninsula  points  given  in  table  17  include  the  charge  for  lightering  in 
every  case. 

The  wagon  haul  is  fairly  easy  at  some  times  of  the  year  in  the  broad, 
gravel-filled  river  beds.  These  streams  are  subject  to  flood,  however, 
and  such  teaming  is  impossible  at  times.  From  White  Mountain,  on 
Fish  River,  to  Council,  Ophir  Creek,  Gold  Bottom,  and  as  far  as  Goose 
Creek,  on  the  Casadepaga,  a  useful  type  of  flatboat,  drawn  by  a  strong 
horse,  draws  5  tons  during  favorable  conditions  of  water.  Such  haul- 
ing, when  possible,  reduces  the  freight  oyer  the  wagon  haul  by  about  40 
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per  cent.  Such  horse  boats  can  ascend  the  Casadepaga  only  during 
June  and  early  July. 

The  freight  rates  from  Teller  to  the  creeks  of  the  Kougarok  district 
were  not  available  in  detail  for  this  report.  Freighting  by  wagon 
haul  is,  however,  carried  on  from  Teller,  York,  and  some  of  the  other 
more  distant  coast  points  of  Seward  Peninsula,  and  the  rates  may 
be  figured  as  higher  than  at  Nome  in  proportion  to  the  increased  cost 
of  supplies  at  those  coast  points. 

On  Ophir  Creek,  in  the  Council  district,  it  has  been  shown  that  the 
larger  companies  can  reckon  on  obtaining  their  supplies  direct  from 
San  Francisco  via  ocean  steamer  to  Cheenik;  flat  steamers,  Cheenik  to 
mouth  of  the  Niukluk;  horse  boat,  Niukluk  mouth  to  Council,  and 
railway  from  Council  to  the  creek,  at  a  cost  of  approximately  2  cents 
a  pound  in  excess  of  San  Francisco  prices.  Table  26  gives  the  local 
freight  rates  from  the  main  supplj'^  points  to  the  creeks. 

Table  26. — Summer  local  freight  and  passenger  rates  from  Nome  to  various  points  in 

Seward  Peninsula^  1904- 


Point. 


Method  of  transpor* 
tation. 


General  freight. 


Solomon« Steamer 

Bluff « do..... 

Cheenik do 

Council Steamer  and  flat- 
boat. 

Steamer 

do 

do 

do 

Wagonhaul,  rail- 
way. <^ 

Wagon  haul 

do 

do , 


Per  ton. 


Lumber. 


Per  M ft. 


$15. 00     $22. 50 


Teller*,.... 

Yorko 

Kiwalik 

Deering  «... 
Anvil  Creek 


Cooper  Gulch 

Moonlight  Gulch . 
Bourbon  Creek . . . 


Dry  Creek do. 


Holyoke  Creek do. 

Dexter  Creek do. 

Buster  Creek do. 

Lillian  Creek do. 

Osborne  Creek do. 

SeattleCreek do. 

Washington  Creek I do. 

Moss  Gulch  Creek I do. 


15.00 
15.00 
27. 50 

15.00 
20.00 
30.00 
30.00 
$10.00-15.00 

10.00 

10.00 

10.00 

5.00-10.00 

10.00-15.00 

2.00 

30.00 

30.00 

30. 00-40. 00 
37. 50 
30.00 
30.00 


2^.50 
22.50 
35.00 

22.50 
30.00 
15.00 
45.00 


Horses 

and 

cattle. 


Per  head. 

$18.00 
18.00 
22.50 
35.00 


22.50 
30.00 
45.00 
45.00 


Passen- 
gers. 


$7.50 
10.00 
15.00 
20.00 

15.00 
20.00 
30.00 
30.00 


a  No  harbor.     «>Nome  to  Lanes  landing  via  Kuzltrin  River,  950  per  ton,     <*  Wagon  haul,  l^ton  ratec. 
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Table  26.- 


'Summer  local  freight  and  passenger  rates  from  Nome  to  various  points  in 
Seward  Peninsida^  1904 — Continued. 


Point. 

Method  of  transpor- 
tation. 

General  freight. 

Lumber. 
PerMJl. 

Horses 

and 

cattle. 

Passen- 
gers. 

Peluk  Creek 

Wagon  haul 

do -. 

Per  ton. 

$5.00-10.00 

10.00-15.00 

10.00-15.00 

30.00 

30.00 

40.00 

40.00 

40.00 

40.00 

50.00 

60.00 

60.00 

60.00 

60.00 

20.00-30.00 

30.00 

100.00 

100.00 

40.00-50.00 

100.00 

30.00 

Per  head. 

Otter  Creek 

i    

Martin  Creek ' do 

Glacier  Creek i do 

;                ' 

Rock  Creek 

do 

1                1 

Prospect  Creek 

Lind  bloom  Creek 

do 

1 

do 

do 

do 

do 

do 

Alpine  Creek 

Sledge  Creek 

Bolto  Creek 



1 

Bangor  Creek 

Twin  Mountain  Creek . 

1 

do 

do 

do 

1 

Pioneer  Creek 



Last  Chance 

' 

Penny  River 

Willow  Creek 

do 

do 

1 

1 

Oregon  Creek 

do 

Nugget  Creek 

Cripple  River 

Nome  River,  head 

do 

1 

do 

do 

Fountain  Creek 

do 

East  Fork  Solomon  to 

Stage  line 

$12.50 

Council. 

Rates  for  lightering  cargo  at  Nome. 

General  merchandise,  including  small  machinery per  ton . .  $5. 00 

Machinery: 

Two-  to  three-ton  pieces do 7. 50 

Three-  to  four-ton  pieces do 10. 00 

Four-  to  five-ton  pieces do 15. 00 

Five-  to  six-ton  pieces do 20. 00 

Six-  to  seven-ton  pieces do 25. 00 

Seven-  to  eight-ton  pieces do 30. 00 

Double-compressed  hay do 5. 00 

Coal  in  sacks do 3. 50 

Coal  put  on  beach  and  piled  up do 4. 00 

Lumber per  M  feet. .    5. 50 

Live  stock per  head . .     6. 00 

Winter  freighting,  by  meann  of  horse  and  dog  sleds,  may  be  reck- 
oned at  about  one-half  the  summer  hauling  mtes. 
Bull.  263—05 16 
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From  Nome  to  Council,  85  miles,  winter  haul  is — 

Warm-storage  rate,  per  ton |60. 00 

Ck>ld-8torage  rate,  per  ton 40. 00 

Passenger  rate,  forty  hours 16. 00 

Summer  local  freight  rates  from  Solomon  to  various  points. 

Per  ton. 

Mouth  Shovel  Creek $8.00-112.00 

Hurrah  Creeka 10.00 

Willow  Creek , 90.00 

Ruby  Creek : 80.00 

Mystery  Creek 15. 00 

West  Creek 12.50 

East  Fork  Creek 15.00 

Down  coast  to  Spruce  Creek 12. 50 

Summer  local  freight  rates  from  Council  to  various  points. 

Per  ton. 

No.  15,  Ophir  Creek  (railway) $10. 00 

Gold  Bottom  (horse  boat) 30. 00 

Grold  Bottom  (wagon  haul) 50. 00 

Lower  Casadepaga 75.00 

CUSTOMS  REGUIiATIONS. 

Considerable  delay  and  confusion  have  been  caused  in  the  past  by 
shippers  not  understanding  the  requirements  of  the  United  States  and 
Dominion  customs  departments.  The  following  information  is  given 
for  the  guidance  of  shippers,  and  the  instructions  herein  contained 
must  be  strictly  adhered  to: 

Shipments  of  goods  from  United  States  ports  via  Skagway,  des- 
tined to  Eagle  City  and  other  lower  Yukon  River  points  in  transit 
through  British  Columbia  and  Yukon  Territory,  must  be  accompanied 
by  4  certified  copies  of  invoices  and  2  copies  of  bills  of  lading.  All 
of  these  papers  are  necessary  for  customs  purposes  at  Skagway. 

Goods  shipped  from  United  States  ports,  destined  to  points  in 
Alaska  via  Skagway  and  Yukon  River,  are  bonded  through  Canadian 
territory  duty  free. 

Charges  for  preparing  customs  papers  by  the  customs  agent  of  the 
White  Pass  and  Yukon  route  will  be  as  follows:  For  preparing  ship- 
per's manifest,  50  cents;  transportation  and  exportation  entries  wnll 
be  charged  for  on  basis  of  actual  cost  to  the  White  Pass  and  Yukon 
route. 

The  customs  agent  will  notify  the  agent  of  the  White  Pass  and 
Yukon  route  at  Skagway  station  of  the  amounts  to  be  assessed  on 
above  account,  and  the  same  will  be  placed  against  each  shipment  as  a 
back  charge. 

"Under  exceptionally  favorable  conditions  large  lot«  have  been  landed  San  FranclBCO-LitUe  Hur- 
rah Creek  as  low  as  $17  per  ton. 
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Difficulties  of  a  peculiar  nature  are  experienced  by  the  placer  miners 
of  interior  Alaska  owing  to  the  configuration  of  the  international 
boundary  between  the  Territory  of  Alaska  and  the  British  posses- 
sions. The  town  of  Dawson,  being  the  largest  settlement  of  the  inte- 
rior, is  naturally  the  point  where  mining  supplies  are  most  easily  and 
quickly  obtained  by  the  placer  miners  of  the  neighlioring  American 
camps  of  Birch  Creek  and  Forty  mile,  the  Rampart  district,  and  others 
of  the  Yukon  and  Tanana.  During  the  season  of  1904  the  rapid  and 
to  a  certain  extent  justifiable  development  of  the  town  of  Fairbanks, 
on  Tanana  River,  gave  promise  that  this  settlement  would  eventually 
become  as  well  equipped  to  supply  the  needs  of  the  Tanana  miners  as 
is  Dawson.  The  American  Yukon  camps  must,  however,  for  a  con- 
siderable number  of  years  be  locally  dependent  on  Dawson  as  a  source 
of  supplies. 

Theoretically  the  miners  are  supposed  to  buy  their  mining  sup- 
plies and  machinery  either  at  points  in  the  United  States  or  at  towns 
on  the  Yukon  in  American  territory.  Such  supplies,  of  course,  if 
shipped  down  the  Yukon,  come  through  the  Canadian  territory  in 
bond  free  of  duty.  In  practice,  however,  owing  to  the  necessity  of 
obtaining  supplies  quickly,  purchases  are  made  in  Dawson,  and  unless 
the  supplies  can  be  proved  to  be  returned  American  goods  the  Amer- 
ican miner  must  pay  duties  to  the  United  States  custom-house  at 
Eagle  according  to  the  rates  given  in  the  following  list.  Frequently 
duties  must  be  paid  even  on  supplies  made  in  the  United  States  and 
returned,  since  there  is  no  manufacturer's  mark  by  which  the  customs 
inspector  can  identify  them.  This  especially  applies  to  such  impor- 
tant mining  supplies  as  small  parts  of  boilers,  tubes,  pipe,  pipe  fittings, 
elbows,  T's,  unions,  grate  bars,  sledges,  drill  steel,  picks,  shovels, 
pump  plungers,  buckets,  valves,  small  car  wheels,  strap  iron,  rails, 
bar  and  rod  iron,  and  small  castings.  Even  larger  pieces,  such  as 
parts  of  hydraulic  giants,  are  frequently  unstamped.  These  supplies, 
kept  for  sale  by  the  machinery  firms  of  Dawson,  frequently  pay 
customs  duties  both  to  Canada  and  the  United  States  before  reaching 
the  Alaska  champs.  Dawson  is  frequently  sought  by  the  American 
miners  in  the  midst  of  the  short  season  for  the  purpose  of  repairs 
to  various  mining  machinery,  it  being  the  only  place  accessible  on  the 
Yukon  where  machine  shops  exist.  It  may  easily  be  seen  how  burden- 
some on  the  miner  is  the  imposing  of  a  duty  on  his  machinery  which 
he  brings  back  into  American  territory  after  repairs,  and  on  which  he 
must  pay  a  duty  because  it  has  been  improved  or  changed  in  foreign 
territory. 
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Below  are  given  the  United  States  customs  duties  on  small  mining 
supplies: 

United  States  customs  duties. 


Articles. 


Boilers  and  engines,  first  and  second  hand 

Points  (steam),  sluice  forks,  picks,  shovels,  axes 

Sledges 

Drill  steel 

Hydraulic  hose : 

Cast  pipe 

Hydraulic  pipe 

Gas  pipe .* 

Rubber  hose 

Coke 

Bituminous  coal 

Dynamite 

Black  powder 

Caps 

Fuse 

Candles 

Nails,  wire 

Nails,  wrought  iron 

Steel  rails 

Wire  cable 

Centrifugal  pumps 

Sawed  lumber 

Wheelbarrows,  iron 

Rope 

Self-dumping  carriers. .- 

Asphalt  coating 

Hydraulic  giants 

Lubricating  oils 

Copper  plates 

Cement. 

Quicksilver 

Iron  castings 

Iron  castings,  ground  and  fitted 


Duty. 


45  per  cent  ad  valorem. 
45  per  cent  ad  valorem. 
IJ  cents  per  pound. 
4.7  cents  per  pound. 
20  cents  per  pound. 
4.7  cents  per  pound. 
2  centfi  per  pound. 
35  per  cent  ad  valorem. 
30  per  cent  ad  valorem. 
25  per  cent  ad  valorem. 
67  cents  per  ton. 
6  cents  per  pound. 

6  cents  per  pound. 
$2.36  per  thousand. 

45  per  cent  ad  valorem. 

25  per  cent  ad  valorem. 

One-half  cent  per  pound. 

2\  cents  per  pound. 

Seven-twentieths     cent     per 
pound. 

1   cent  per  pound  and  40  per 
cent  ad  valorem. 

45  per  cent  ad  valorem. 

$2  per  thousand  and  50  centfi 
for  each  side  dressed. 

45  per  cent  ad  valorem. 

1  cent  per  pound. 

45  per  cent  ad  valorem. 

$3  per  ton. 

45  per  cent  ad  valorem. 

25  per  cent  ad  valorem. 

2}  centfi  per  pound. 

8  cents  i>er  100  pounds. 

7  cents  per  pound. 
Eight-tenths  cent  per  pound. 
45  i>er  cent  ad  valorem. 
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It  should  be  stated  that  there  is  a  duty  on  all  horses,  cattle,  sheep, 
and  dogs®  entering  Alaska.  Thus  a  dog  team  coming  down  river  from 
Dawson  in  the  winter  is  dutiable. 

During  the  season  of  1904  a  United  States  customs  inspector 
accompanied  the  Yukon  steamers  from  Dawson  with  shipments  from 
that  point  to  Fairbanks,  in  order  to  obviate  the  long  delays  which  had 
previously  been  necessary  for  appraisement  at  Eagle. 

Owing  to  the  export  duty  on  gold  which  is  charged  by  the  Canadian 
government,  some  difficulties  have  been  experienced  by  Americans 
who  bring  gold  mined  in  Alaska  Territory  through  Canadian  terri- 
tory, via  Dawson,  en  route  to  the  United  States.  The  Canadian  gov- 
ernment naturally  assumes  that  all  gold  found  on  south-bound  pas- 
sengers leaving  Canadian  territory  at  White  Pass  has  been  mined  in 
Canada.  Such  gold  is  therefore  liable  to  confiscation  by  the  officers 
in  charge  of  collection  of  royalty  unless  the  bearer  is  provided  with  a 
properly  ratified  certificate  stating  that  the  gold  is  of  foreign  produc- 
tion. American  miners  should  obtain  such  a  certificate  at  Eagle  from 
the  United  States  authorities  (fee,  10  cents)  and  have  the  same  ratified 
at  Dawson  by  the  Canadian  police  (fee,  50  cents  for  gold  from  1  to 
25  ounces,  $1  for  25  ounces  and  upward).  All  individuals  leaving 
Yukon  Territory  for  United  States  territory  are  strictly  searched  for 
gold. 

The  regulations  in  re^rd  to  boats  coming  down  the  Yukon  into 
United  States  territory  must  also  be  taken  into  consideration.  No 
boat  or  scow,  not  a  regular  carrier,  can,  for  example,  make  the  journey 
from  Dawson  to  Circle,  carrying  over  5  tons  of  freight.  This  is 
especially  burdensome  on  settlers  who  wish  to  outfit  at  Dawson  and 
float  their  goods  down  the  Yukon.  The  situation,  owing  to  the  con- 
ditions, is  undoubtedly  a  burden  of  extra  expense  on  the  miner,  but  is 
unavoidable,  and  must  be  reckoned  with  in  any  estimate  of  expenses 
attending  the  prosecution  of  placer  mining  in  the  Alaska  interior. 

TEIiEGRAPH  BATES. 

By  means  of  the  United  States  military  telegraph  line  in  Alaska, 
including  the  wireless  system  from  St.  Michael  to  Port  Safety  and  the 
Seattle-Sitka-Valdez  cable  with  connection  to  Juneau  and  Skagway,  an 
ail-American  service  is  now  maintained  from  all  important  points  of 
Alaska  (except  Circle)  to  the  outside  world. 

The  rates  for  the  military  service  in  Alaska  are  based  upon  a  tariff 
of  2  cents  per  word  for  each  100  miles  or  fraction  thereof,  address  and 
signature  not  counted,  a  message  of  less  than  10  words  being  charged 
for  as  a  10-word  message.     During  the  month  of  September,  1904,  a 

a  Hones,  value  $150  or  fen,  $30  per  head;  over  fl.SO,  25  per  cent  ad  valorem.  DogR,  20  per  cent  ad 
Yftlorem;  cattle,  t2  per  head,  under  1  year  old;  others,  27i  per  cent  ad  valorem. 
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cable  line  was  completed  between  Sitka  and  Valdez,  which,  with  the 
Sitka-Seattle  cable,  completes  the  American  telegraph  service  to  all 
parts  of  Alaska.    Through  lO-word  i-ates  from  Seattle  are  as  follows: 

Telegraph  rates  from  Seattle  to  points  in  Alaska, 

Sitka $2.50 

Juneau 2. 75 

Skagway 3.00 

Valdez 3.50 

Nome 4.00 

Eagle «3.00 

Rampart ^3.60 

Fairbanks «3.50 

BISTANCE8  AND  COST  OF  SUPPIilES. 

Tables  Nos.  27,  28,  and  29  give  approximate  distances  in  Alaska. 
Table  27. — Distances,  in  miles^  between  towns  in  Alaska,  excluding  Seivard  Peninsula. 


1 

•-> 

N 

1 

> 

i 

a 

i 

Si 

3 

1 

1 

t 

i 

M 

a 
1 

5 

1 

1 

Valdez 

&80 

100 

1,880 

1,140 

963 

208 

1,268 

1,428 

878 
745 
695 
647 

Hi^nes      

600 
1,300 
1,720 
1,543 
1,788 
1.848 

2,003 

1,458 
1,325 
1,275 
1,227 

4 

St.  Michael 

1,900 

1,249 

864 

984 

1,049 

f  1.204 

I   e»920 

779 

646 

596 

548 

' 

Nulato 

485 
990 
760 
685 

}      840 

1,075 
1,208 
1,253 
1,298 

1              i 

Fort  Yukon 

505 
265 
200 

355 

590 
723 

768 
813 

Rampart 

240 
305 

455 

85 
218 
263 
308 

Port  Gibbon 

65 
220 

325 

458 
503 
548 

Fftirbanka 

155 

270 
523 
568 
613 

1 

Circle. 

0  150 

0283 

328 

373 

' 

Kagie 

135 
180 
225 

Fortymlle 

45 
90 

Dawson 

45 

a35  cents  each  additional  word. 


b Taking  trail  at  Circle. 


cBy  trail. 
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Table  28. — DistanceSf  in  mileSf  between  points  on  Seward  Peninsula, 
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Nome. 

Chee- 
nik. 

Ck)un- 
cil. 

Bluff. 

Solo- 
mon. 

Teller. 

York. 

Kewa- 
lik. 

Blos- 
som. 

Cheenik 

90 
136 
65 
34 
100 
110 
345 
310 
360 

Ck>uncil ^ 

45 
25 
56 
190 
200 
435 
400 
450 

i 

Bluff 

70 
101 
235 
245 
480 
445 
495 

Solomon 

31 

Teller 

165 

1.^ 

York .• 

175       144 

45 

Kiwalik 

410       379       280 
375       .'U4       245 

235 
200 
250 

Blossom 

55 

7 

Candle 

425 

394        295 

62 

Table  29. — Distances  from  main  supply  points  in  Alaska  to  nnghbonng  creeks. 

FBOM   CIECLE. 

Miles. 

Diggings  on  Dead  wood  Creek 40 

Mouth  of  Boulder  Creek 35 

Junction  of  Mastodon  and  Independence  creeks 47 

Mouth  of  Miller  Creek : 46 

Junction  of  Mastodon  Fork  and  Eagle  Creek 63} 

FBOM  FAIBBANKS. 

Gilmore  at  crossing  of  trail 14 

Junction  of  Twin  and  Pedro  creeks 18 

Junction  of  Wolf  and  Cleary  creeks 1 24 

Fairbanks  fJreek  at  mouth  of  Alder  Gulch 27 

FROM   NOME. 

Discovery  on  Anvil  Creek 4 

No.  3  above  on  Glacier  Creek 7} 

Junction  of  Grass  Gulch  and  Dexter  Creek 7 

Cooper  Gulch 4 

Bourbon  Creek  (passes  through  Nome). 

Holyoke  Creek 2} 

Dexter  Creek 7 

Buster  Creek 9 

Lillian  Creek 11 

Osborne  Creek 7 

Seattle  Creek 22 

Washington  Creek 6 

Moss  Gulch 6} 

Peluk  Creek 2 

Otter  Creek 3} 

Martin  Creek 2} 

Rock  Creek 3} 

Prospect  Creek 12 

Lindebloom  Creek 11 

Alpha  Creek llj 
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MlleB. 

Sledge  Creek 13 

Balto  Creek 12i 

'  Bangor  Creek 17 

Twin  Mountain  Creek 15 

Last  Chance  Creek 20 

Penny  River ; 11 

Willow  Creek 10 

Oregon  Creek 19 

Nugget  Creek 18 

FROM   SOLOMON. 

Mouth  of  Shovel  Creek 6 

Mouth  of  Kasson  Creek 10 

Mouth  of  Big  Hurrah  Creek * 8} 

Mouth  of  East  Fork 11 

Mouth  of  Coal  Creek 15 

Head  of  Ruby  Creek  (Casadepaga  drainage) 20 

Head  of  Penelope  Creek  (Casadepaga  drainage) 21 

Mouth  of  Goose  Creek  (Casadepaga  drainage) 25 

FROM   CX>UNCIL. 

Mouth  of  Ophir  Creek v :  21 

Mouth  of  Dutch  Creek 8 

Mouth  of  Crooked  Creek 11 

Mouth  of  Basin  Creek 2 

Junction  of  Gold  Bottom  and  Warm  Creek 8 

Mouth  of  Mystery  Creek .'.  4 

FROM  TELLER. 

Bering  Creek. .  .• ^ 13 

Mouth  of  Right  Fork  of  Bluestone  River 16 

Mouth  of  Alder  Creek 17 

Mouth  of  Ruby  Creek 13 

Mouth  of  Sunset  Creek 3i 

Marys  Igloo 50 

FROM    MARYS   IGLOO. 

Quartz  Creek 24 

Angeles  Creek 33 

Goodall  Creek 43 

Homestake  Creek 52 

Macklin  Creek 56 

North  Fork  of  Kougarok  River 21 

Harris  Creek 20 

Mouth  of  Baldy  Creek 20 

Mouth  of  Portage  Creek 22 
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liEGAIi  CONDITIONS  IN  1904.« 

INTRODUCTION. 

After  an  investigation  of  the  present  conditions  in  the  new  so-called 
Fairbanks  district  of  Alaska,  situated  on  Tanana  River,  I  was  forci- 
bly impressed  with  the  urgent  need  of  a  change  in  the  present  location 
law,  which  allows  the  location  of  placer  tracts  by  representation.  An 
individual  holding  twenty  or  fifty  powers  of  attorne)'  from  other  citi- 
zens of  the  United  States  may  go  alone  into  a  wild  and  unknown  dis- 
trict and,  by  staking  claims,  each  of  20  acres,  tie  up  whole  creek 
valleys  which  are  by  this  process  withdrawn  from  the  area  of  public 
lands  for  a  period  generally  amounting  to  eighteen  months. 

The  location  of  the  claims  is  then  recorded  in  the  nearest  recording 
office  in  the  names  of  the  men  who  may  be  in  San  Francisco,  Chicago, 
or  New  York.  The  ownership  of  the  claims  may  afterwards  be  changed 
ad  libitum  by  the  passing  of  quitclaim  deeds.  The  locator  can  have, 
under  the  law,  but  one  claim  by  right  of  location  on  each  creek;  but 
by  exercising  the  right  of  representation  he  withdraws  from  the  pub- 
lic domain  as  many  miles  of  creek  beds  as  he  can  traverse  and  stake. 
On  each  claim  he  is  required  to  do  no  work,  beyond  sinking  a  small 
discovery  shaft,  for  the  remainder  of  the  year  in  which  the  location  is 
made  and  up  to  the  end  of  the  ensuing  year.  Thus  in  any  placer 
district  in  which  the  auriferous  gravels  have  an  economic  value,  and 
into  which  prospectors  are  continually  pouring,  as  in  the  new  Fair- 
banks district,  many  bona  fide  miners  willing  to  search  for  gold  to  the 
extent  of  their  physical  and  financial  resources  are  rendered  powerless 
through  circumstances  which  they  can  in  no  way  control  or  by  any 
possibility  foresee. 

These  men,  willing  to  undergo  the  discomforts  of  an  inhospitable 
country,  either  find  themselves  idle  in  a  remote  community,  where  liv- 
ing is  expensive,  or  are  compelled  to  make  journeys  of  four  or  five 
days'  duration  from  the  base  of  supplies,  and  pack  their  provisions, 
blankets,  and  tools  on  their  backs  to  find  ground  that  has  not  been 
staked. 

It  may  be  objected  that  each  man  has  an  equal  opportunity  to  reach 
a  given  piece  of  ground  first.  This,  however,  is  hardly  the  case.  The 
resources  of  the  men  who  unite  to  send  an  individual  to  locate  for  them 
by  power  of  attorney  are  generally  greater  than  those  of  the  individ- 
ual who  singly  goes  out  with  the  purpose  of  locating  one  claim  for  his 
own  operations.  The  power-of -attorney  man,  equipped  with  a  better 
outfit  and  very  likely  dogs  or  horses,  can  go  farther  and  stay  longer 
than  the  prospector  of  limited  resources. 

a  I  have  dittcu»«ed  at  some  length  the  legal  eonditionsof  mining  and  the  abuses  prevailing  under 
the  present  law  in  Alaska  in  a  report  made  to  the  '*  Public  Lands  Commission,"  recently  appointed 
by  the  President.  In  the  same  report  I  haw  embodied  suggestions  for  a  revision  of  the  present  law 
as  far  as  it  pertains  to  placer  mines  in  Alaska. 
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Furthermore,  the  man  who  locates  for  others,  if  he  does  not  repre- 
sent persons  living  altogether  at  a  distance,  is  frequently  sent  out  by 
men  whose  interests  are  entirely  inimical  to  the  proper  development 
of  the  region — namely,  saloon  keepers,  nonproducers,  "tin  horns" 
(gamblers),  or  other  riffraff  such  as  are  generally  found  in  the  new 
American  mining  camp.  They  have  rarely  the  intention  of  operating 
the  claims  located  in  their  names  and  thus  producing  gold.  They  hold 
the  claims  in  the  hope  that  the  camp  will  boom,  that  inexperienced 
outsiders  will  come  in,  and  that  in  the  ensuing  excitement  they  may  sell 
at  a  figure  based  on  the  supposed  value  of  the  unprospected  ground. 

In  the  Fairbanks  district  portions  of  3-mile  stretches  on  three  creeks 
are  producing  gold.  Other  portions  within  this  producing  area,  as 
well  as  lengths  of  from  3  to  10  miles  on  six  other  creeks,  are  hardly 
prospected,  are  not  producing,  and  are  entirely  withdrawn  at  present 
from  exploration  or  exploitation  through  the  process  of  the  empowered 
staking  above  referred  to.  It  is  estimated  that  2,000  persons  will 
spend  the  winter  in  the  district.  Of  these  at  least  1,200  will  be  able- 
bodied  workingmen.  The  operations  will  afford  work  for  possibly 
600  men.  One-half  the  remainder  at  least  would  prospect  and  develop 
new  territory  were  it  not  for  the  nearly  insuperable  diflBculties.  The 
provisions  of  the  present  location  law  are,  in  my  opinion,  largely 
responsible  for  these  difficulties. 

In  the  portion  of  the  Alaska  interior  lying  between  Yukon  and 
Tanana  rivers  the  auriferous  gravels  occupy  a  wide  area.  The  over- 
coming of  the  purely  physical  obstacles  to  exploration  is  arduous, 
and  many  miles  of  creek  valleys  will  be  located  as  means  of  commu- 
nication become  established.  If  this  large  area  and  other  areas  yet 
to  be  explored  are  allowed  to  be  progressively  withdrawn  from  pos- 
sible gold  production,  the  result  will  be  a  distinct  detriment  to  the 
development  of  Alaska. 

A  confirmation  of  the  annoying  and  injurious  effects  of  the  law  is 
afforded  by  the  early  history  of  the  Nome  gold  district  of  Seward 
Peninsula,  where  the  conditions  were  as  follows: 

Nearly  every  individual  located  not  only  for  himself  but  also  for  his  many  friends 
by  power  of  attorney.  To  such  an  extent  was  the  power  of  attorney  here  abused 
that  more  than  7,000  acres  of  ground  were  located,  so  that  the  several  thousand 
Americans  who  arrived  later,  findinj?  no  unstaked  ground  anywhere  in  the  vicinity, 
justly  raised  a  somewhat  bitter  complaint.^ 

The  practice  of  exercising  the  power  of  attorney  is  increasing  in 
Alaska  at  present,  and  its  abuse  warrants  the  summary  suspension  of 
it  if  this  be  possible. 

In  September  I  visited  the  principal  creeks  on  which  gold-mining 
operations  are  being  prosecuted  in  the  Nome,  Solomon,  and  Council 

a  Schroder,  F.  C,  and  Brooks,  A.  H.,  Preliminary  Report  on  the  Cape  Nome  Gold  Region,  V.  S.  CJi»ol. 
Survey,  1900,  p.  32, 
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districts  of  Seward  Peninsula.  Although  the  investigation  of  the 
legal  conditions  pertaining  to  gold  mining  was  not  called  for  by  niy 
instinictions,  certain  facts  regarding  these  conditions  were  impressed 
upon  me.  Indeed,  it  is  impossible  for  an  observer,  impartially  dis- 
posed, to  go  about  the  mining  districts  of  Seward  Peninsula  and 
not  seriously  question  the  applicability  of  the  present  location  law  to 
Alaska  conditions. 

It  is  true  that  $100  worth  of  work  is  b}'^  law  actually  required  on 
each  20  acres,  but  the  statute  is  so  loosely  framed  that  the  $100  worth 
of  work  is  now  done  universally  on  each  160  acres,  not  only  in  Alaska 
but  in  all  parts  of  the  United  States  where  placer  mining  is  conducted. 
Moreover  I  have  observed  that  this  $100  worth  of  assessment  work  in 
all  mining  territory  is  little  more  than  a  farce.  The  suggestion  that 
$100  on  each  20-acre  tract  be  used  in  making  survey  and  plat  of  the 
claim  the  first  year  is  worthy  of  consideration. 

APPLICATION  OF  THE  PRESENT  MINING  LAW  TO  ALASKA. 

The  following  order  of  the  Secretary  of  the  Interior,  dated  July 
28,  1885  (Land  Office  Decisions,  vol.  4,  p.  128)  extended  the  regula- 
tions of  the  General  Land  Office  to  Alaska. 

In  pursuance  of  the  eighth  section  of  the  act  of  Congress,  approved  May  17,  1884, 
entitled  "An  act  to  provide  a  civil  government  for  Alaska"  (23  8tat.,  24),  it  is  hereby 
pre8cribe<l  that  the  rules  and  regulations  of  the  General  Land  Office  and  Department 
of  the  Interior  governing  the  administration  of  the  mining  laws  of  the  United  States 
be  adopted  for  and  extended  to  the  district  of  Alaska,  so  far  as  the  same  may  be 
applicable. 

It  is  evident  that  the  various  provisions  in  Revised  Statutes,  Title 
XXXII,  chapter  6,  defining  the  United  States  mining  laws,  apply 
fully  to  Alaska. 

Sec.  2329.  Claims  usually  called  placers,  including  all  forms  of  deposit,  except 
veins  of  quartz,  or  other  rock  in  place,  shall  be  subject  to  entry  and  patent  under 
like  circumstances  and  conditions  as  are  provided  for  vein  or  lode  claims. 

Lindley  on  Mines  says  (vol.  1,  sec.  432)  that  this  has  been  construed 
to  mean : 

( 1 )  That  there  must  be  a  discovery  upon  which  to  base  the  location. 

(2)  The  location  must  be  marked  upon  the  ground  so  that  its  boundaries  can  be 
readily  traced. 

DISCOVERY. 

According  to  the  accepted  interpretation  of  the  law  in  the  mining 
States  of  the  United  States,  gold  must  l)e  found  on  the  ground  in  a 
discovery  shaft  before  the  claim  can  be  validly  held  by  location. 

That  many  of  the  Alaska  locations  are  illegal  may  be  judged  from 
the  fact  that  very  often  three  men  have  staked  from  ten  to  twenty 
160-acre  tracts  of  placer  ground  within  periods  varying  from  twenty- 
Bull.  263-05 17 
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four  to  seventy-two  hours.  On  every  one  of  these  ti'acts  under  the 
correct  interpretation  of  the  law,  a  shaft  or  drill  hole  at  least  15  feet 
in  depth  would  have  been  necessary  in  order  to  find  one  color  of  gold. 
Yet  the  same  men  have  immediately  recorded  their  staked  ground  as 
locations,  swearing  that  they  discovered  gold.  Lindley  states  (sec. 
437):  "The  Land  Department  has  uniformly  held  that  discovery  is 
essential  in  the  case  of  placers,  going  so  far  at  one  time  as  to  hold  that 
such  discovery  was  essential  in  each  20-acre  tract  within  a  location  of 
160  acres  located  by  an  association  of  persons."  He  further  says: 
'*  Discovery  is  just  as  essential  in  case  of  placers  as  it  is  in  lode 
locations." 
The  regulations  of  the  General  Land  Office  include  the  following: 

No  lode  claim  shall  be  located  until  after  the  discovery  of  a  vein  or  lode  (or  in  a 
placer  of  gold)  within  the  limits  of  the  claim,  the  object  of  which  provision  is  evi- 
dently to  prevent  the  appropriation  of  presumed  mineral  ground  for  speculative  pur- 
poses to  the  exclusion  of  bona  fide  prospectors  before  sufficient  work  has  been  done 
to  determine  whether  a  vein  or  lode  (of  gold)  really  exists,  a 

The  nonobservance  of  the  above  requirement,  and,  in  fact,  the  impos- 
sibilijty  under  the  present  law  of  its  enforcement  is  the  cause  of  the 
very  evil  in  Alaska  which  the  law  aims  to  avert.  I  regard  the  pro- 
miscuous location  and  illegal  holding  of  land  on  which  gold  has  not 
been  discovered  as  one  of  the  most  serious  detriments  to  Alaskan 
development. 

SUBSEQUENT  ANNUAL  LABOR. 

Regarding  subsequent  labor  Lindley  (sec.  624)  makes  the  following 
statement: 

While  a  timely  resumption  of  work  may  prevent  a  relm»tion,  the  law  contemplates 
that  the  labor  or  improvements,  actual  and  valuable,  to  the  amount  of  $100  in  each 
year,  computed  from  the  1st  day  of  January  next  succeeding  Uie  date  of  location, 
should  be  performe<i  in  good  faith.  There  is  probably  no  single  provision  of  the  law 
which  is  evaded  to  a  greater  extent  than  this  one.  While,  of  course,  there  are  man^r 
exceptions  the  average  locator  exhausts  his  ingenuity  in  attempting  to  avoid  this  plain 
and  wholesome  requirement.  The  courts  are  dispos^ed  to  deal  with  these  drones  in  the 
hive  with  much  more  leniency  than  they  deserve.  The  statute  is  t(K)  frequently  applied 
on  sentimental  lines.  Forfeitures,  say  these  tribunals,  are  odious,  and  in  many  cases 
the  reluctance  with  which  they  enforce  the  law  encourages  rather  than  deters  the 
systematic  evasion  of  it. 

The  statute  is  extremely  liberal  as  to  the  time  in  which  the  specified  amount  of 
work  shall  be  performed.  A  location  macle  on  January  1,  1897,  may,  in  the  absence 
of  State  laws  or  local  rulei^  requiring  development  work  to  be  performed  as  an  act  of 
location,*  be  held  without  a  stroke  of  labor  until  December  31,  1898,  and  in  no  case 


CI  Mining  laws  and  regulations,  General  Land  Office,  1903.  p.  27,  J8. 

frit  should  be  borne  in  mind  that  the  principal  Western  States  where  mining  is  conducted  have,  by 
State  legislation,  80  enlarged  upon  the  rather  bare  fabric  of  the  Federal  mining  law  that,  within  the 
boundaries  of  these  States  many  of  the  abuses  which  are  permissible  under  a  liberal  interpretation 
of  the  Federal  law,  have  been  done  awaj*  with.  On  the  other  hand,  the  excellent  restrictions  in 
force  in  the  placer-mining  States  have  no  force  in  .\la8ka.  and  in  consequence  decisions  rendered 
by  the  courts  must  be  much  more  liberal,  and  are  productive  of  the  evils  for  the  obviation  of  which 
the  State  statutes  were  long  ago  enacted.— C.  W.  P. 
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is  the  period  less  than  a  full  year.  It  would  seem  that  a  more  rigid  enforcement  of 
the  rule  would  not  only  command  more  respect  for  the  law,  but  would  in  a  great 
degree  tend  to  promote  the  general  object  and  intent  of  the  mining  statutes — the 
development  of  the  mining  resources  of  the  country. 

The  above  quotations  are  made  because  the  opinions  so  closely  bear 
on  the  deplorable  conditions  in  Alaska.  The  climatic  conditions  are 
so  formidable  on  the  31st  of  December  of  each  year  (the  date  of  expi- 
ration of  the  time  in  which  a  miner  may  do  his  annual  assessment 
work)  that  $100  might  be  expended  by  him  in  work  on  the  claim  in 
merely  shoveling  snow.  Naturally,  all  traces  of  the  work  so  done 
would  be  obliterated  in  a  short  time;  yet  it  would  be  actual  and  valua- 
ble work,  for  otherwise  he  could  not  reach  the  ground  beneath.  This 
feature  is  so  well  understood  in  Alaska  that  a  man  who  makes  affidavit 
to  work  done  holds  his  claim  from  year  to  year  unquestioned,  and  it  is 
undoubtedly  true  that  the  bulk  of  the  territory  held  as  placer  ground 
is  not  only  unworked  but  unvisited  by  the  claimants  after  first  loca- 
tion. Should,  however,  an  individual  relocate  or  "jump"  a  given 
claim  so  held,  the  first  holder  goes  into  court  and  swears  that  he  has 
done  his  annual  representation  work,  thus  maintaining  his  title. 
Should  the  relocator  maintain  that  he  has  searched  the  ground  and 
found  no  traces  of  any  previous  work,  he  still  has  a  weak  case,  and  the 
verdict  is  usually  against  him.  It  is  needless  to  say  that  this  relocator 
has,  in  the  great  majority  of  cases,  the  better  right  to  the  ground. 

I  have  endeavored  to  make  clear  a  few  of  the  reasons  why  the  pro- 
duction of  gold  is  actually  retarded  in  Alaska,  rather  than  assisted,  by 
the  present  administration  of  the  mining  law. 

BOUNDARIES. 

Of  over  a  thousand  prospectors  in  California,  Oregon,  Nevada,  Colo- 
rado, Idaho,  Montana,  and  Alaska  whom  I  have  known,  talked  with,  and 
been  in  the  field  with,  I  have  never  seen  ten  who  included  a  compass  in 
their  equipment,  to  say  nothing  of  surveying  instruments  more  nearly 
approaching  precision.  These  men,  generally  known  among  them- 
selves as  ''practical  miners,"  are  of  the  class  by  which  mineral  loca- 
tions are  generally  made.  Is  it  fair  to  assume  that  such  men  are  com- 
petent to  make  a  location  which  shall  conform  to  the  mining  regulation? 

His  location  notice  should  give  the  course  and  distance  as  nearly  as  practicable 
from  the  discovery  shaft  on  the  claim  to  some  permanent  well-known  points  or 
objects,  such,  for  instance,  as  stone  monuments,  blazed  trees,  the  confluence  of 
streams,  point  of  intersection  of  well-known  gulchen,  ravines,  or  roads,  prominent 
buttes,  hills,  etc..  which  may  be  in  the  immediate  vicinity,  and  which  will  serve  to 
perpetuate  and  fix  the  locus  of  the  claim  and  render  it  susceptible  of  identifioation 
from  the  description  thereof  given  in  the  re(!ord  of  locations  in  the  district,  and 
should  be  duly  recorded. « 

aV.  8.  Mining  Laws  and  Regulations— General  Land  Office,  1903,  p.  27,  sec.  9. 
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In  Alaska,  at  leant,  the  provisions  called  for  by  the  above  have 
become  practically  a  dead  letter,  as  is  instanced  by  the  ease  of  the 
prospectors  who  during  the  season  of  1903  were  allowed  to  locate  a 
group  of  claims  defined  as  being  on  ^' Midas  Creek,  a  tributary  of  a 
tributary  of  Koyukuk  River."  Midas  Creek  and  the  supposed  loca- 
tions afterwards  proved  to  be  entirely  niythical. 

The  location  la\^  requires  that  the  'location  must  be  distinctly 
marked  on  the  ground,  so  that  its  boundaries  can  be  readily  traced." 
How  can  the  following  decision  of  the  Supreme  Court  of  the  United 
States,  in  the  case  of  the  McKinley  Creek  Mining  Co.  v.  Alaska  United 
Mining  Co.,"  which  sustained  the  validity  of  a  placer  location  where  no 
attempt  was  made  to  actually  mark  the  boundaries,  be  reconciled  with 
the  above?     Lindley  says: 

All  that  was  done  was  to  post  notices  on  a  snag  or  stump  in  a  creek,  claiming  a 
certain  niiml>er  of  feet  running  with  the  creek,  and  300  feet  on  each  side  of  the  cen- 
ter of  the  creek,  and  referring  to  the  claim  as  "the  east  extension  of  a  certain-name<i 
claim  and  the  west  extension  of  another."  Unless  some  facts  or  circumstances 
were  repre8ente<l  to  the  court  which  can  not  be  gleaned  from  the  official  report  of  the 
case,  such  a  location  would  seem  to  fall  short  of  the  retjuirement  that  the  claim  shall 
be  *' distinctly  marked  on  the  groun<l,  so  that  \\s  boundaries  may  be  readily  traced/* 

I  have  no  hesitation  in  saying  that  in  Alaska,  especially  in  Seward 
Peninsula,  no  attempt  is  ordinarily  made  by  the  locator  to  mark 
the  boundaries  of  claims  beyond  the  setting  of  stakes  at  the  four  cor- 
ners averaging  3  feet  in  length  by  1^  inches  in  diameter.  These  are 
generally  overturned  by  the  wind  or  uprooted  by  the  frost  within  six 
months  of  the  time  of  setting.  And  yet  the  burden  of  proof  in  case 
of  subsequent  dispute  always  rests  on  the  relocator  or  the  jumper. 

1  will  call  attention  to  the  fact  that  the  suggestions  leading  to  modi- 
fication in  the  present  placer-mining  law  are  directed  to  the  reforming 
of  the  principal  abuses  which  have  been  oxi^A.  Had  time  permitted, 
instances  of  abuse  and  misinterpretation  of  the  present  laws  might 
have  been  indefinitely  multiplied.  Enough  has  been  said  to  show  that 
changes  of  a  radical  nature  are  needed  in  the  laws  and  their  adminis- 
tration, in  order  that  the  undoubtedly  valuable  mineral  resources  of 
Alaska  may  be  exploited  to  the  best  advantage. 

Much  fault  has  been  found  in  past  years  with  the  Territorial  admin- 
isti-ation  in  the  Klondike.  That  conditions  aflfecting  title  have  at  times 
left  much  to  be  desired  is  undoubtedly  true.  At  present  efforts  are 
being  made  to  remedy  the  abuses  which  exist.  In  Alaska,  on  the  other 
hand,  each  rich  discovery  of  gold  brings  forth  one  or  more  lawsuits, 
and  each  new  camp  that  is  developed  affords  a  profitable  field  of 
exploitation  for  swarms  of  parasites  who,  too  indolent  or  too  ignorant 
to  devote  themselves  to  l)ona  fide  mining,  ingenioush'  strive,  by  mani- 
fold ways  of  trickery,  to  live  by  the  labor  of  others. 


fl  Cited  by  Lindley,  sec.  373. 
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Glacier  Creek,  ditch  on,  plate  showing 124 

ditches  on 106, 109 

elevators  on 152-163 

plate  showing 152 

freight  and  passenger  rates  to 241 

gold  on,  fineness  of 209 

gravel  on,  plate  showing 152 

investigation  on 14 

sluicing  on 149 
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hot-water  thawing  on 93 

investigation  on 14 

mud  box  on,  view  of 194 

wood  on,  price  of 215 

stream  conditions  on 52,54 

Gold  Run  Creek,  fineness  of  gold  on 209 

wood  on,  price  of 216 

Gold-saving  devices,  character  of 142-150, 198 

inefficiency  of  Alaskan  types  of 190 

plates  showing 80, 162 

Gold  Stream,  stream  conditions  on 53 

wood  on,  priceof 216 
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to 237 

stream  conditions  on 52 

Hope,  freight  and  passenger  rates  to  and 

from 230-231,239 

Horse  scraping,  cost  and  advantages  of 61 

Hospitals,  fees  for 210 

Hot  Air  Co.,  flume  of,  plates  showing ....  124, 126 

Hot  water,  thawing  by 33, 98-94, 97-98 

Hunker  Creek,  Y.  T.,  dam  on 57 

ditches  on 105,108,118-119 

gold  on,  fineness  of 208 

investigation  on 14 

steam-point  thawing  on 89-93 

stream  conditions  on 52 

wood  on,  price  of 215 

Hunter  Creek,  freight  and  passenger  rates 

to 237 

gold  on,  fineness  of 208 

stream  conditions  on 52, 54 

Hurrah  Creek,  freight  and  passenger  rates 

to 242 

Hutchins,  J.  P.,  acknowledgments  to 26 

on  dredging 173-190 

on  reservoirs 128 

on  thawing 137 

Hydraulic  mining.    See  Mining,  hydraulic. 
Hydraulic  pit,  old  timbering  in,  plate  show- 
ing         86 

I. 

Ice,  occurrence  of,  time  of 49 

Ice,  buried,  occurrence  of 1 19 

Independence  Creek,  wood  on,  price  of 21 6 

Information,  circular  letter  requesting 17-26 

Inmachuk  River,  gold  on,  fineness  of 209 

wood  on,  price  of 216 

Interior  province,  districts  in 28-29, 35 

ditches  in 104-105,107-108 

dredging  in,  cost  of 167 

fuel  in,  cost  of 34 

mining  in,  methods  and  cost  of 28-29, 38 

physical  conditions  in 30-33 

roadsin 219-226 

topographyof 117 

plate  showing 120 

water  supply  of 36, 43-45 

Investigation,  itinerary  of ;  —  13-14 

methods  of 14-25 

Irene  Gulch,  gold  on,  fineness  of 208 

Itinerary,  map  showing 

remarks  on 13-14 

J. 

Jualpa  Mining  Company,  ditch  of 116 

flume  of,  plate  showing 118 

Juneau,  freight  and  passenger  rates  to...  230-231 

Investigation  at 13 

prices  at 249-264 

rainfall  at 43, 48 

temperatures  at 49 

Juneau  district,  ditches  in 115-1 16 

duty  of  miner's  inch  in 139 

gold  in,  fineness  of 207 

map  showing 114 
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Juneau  district,  mining  in,  methods  of 28 

prospecting  In,  cost  of 41 

roads  in 221 

stream  conditions  in 52, 54 

wages  in 211 

wood  on,  price  of 212, 215 

K. 

Kasson  Creek,  wood  on,  price  of 216 

Kelley, ,  method  of  sampling  of 42-43 

Kenal,  rainfall  at 48 

stream  conditions  at 

temperatures  at 49 

Kenai  River,  opening  and  closing  of 49 

stream  conditions  on 49 

Kigluaik  Mountains,  location  and  altitude 

of 46 

Kiwalik,  freight  and  pa-ssenger  rates  to..  230-231 
Klondike  district,  dam  in,  plate  showing.  126, 148 

ditches  in 105,108,118 

dredges  and  dredging  in 162-164 

plate  showing 162 

drift  mining  in 84-85 

figure  showing 86 

dumping  in,  plate  showing 62 

dumps  in,  plate  showing 40 

duty  of  miner's  inch  in 139 

frozen  gravel  in,  view  of 136 

gold  in,  fineness  of 207-208 

hydraulic  mining  in 117 

plate  showing 86, 132, 136 

ice  in 89 

investigation  in 13 

mining  in,  cost  and  methods  of 28, 36 

physical  conditions  in 82, 89 

prices  in t 227 

prospecting  in,  cost  of 41 

pumps  in,  ylate  showing 66 

roadsin 221 

\iewof 224 

sluices  and  sluicing  in 147-148 

plate  showing 136, 192,  IW 

steam  shovel  in 78-82 

plate  showing 74 

steami>oint  thawing  in 89, 93 

stream  conditions  in 82, 54 

wages  in 67,211 

washing  plant  in,  plate  showing 80 

white-channel  deposits  of 88, 1 18 

wood  in,  price  of ^ 215 

Klondike  River,  bridge  over,  view  of 224 

ditches  on 106,110 

dredging  on 160 

steam  shovel  on 78-80 

stream  conditions  on 52 

Koksuktapoga  River.    See  Casadepaga. 

Kotzebue  Sound,  coal  on 213 

Kougarok  district,  mining  in,  character  of.       29 
Koyukuk  district,  freight  and  passenger 

ratesto 234 

roadsin 221 

Koyukuk  River,  coal  on 213 

freight  and  passenger  rates  to  and  on. .    233- 
234,236-237 

Kugruk  district,  prospecting  in,  cost  of 42 

wages  in 21 1 
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Kugruk  River,  gold  on,  fineness  <»f 209 

wood  on,  price  of 216 

L. 

Labor,  character  and  rates  of  pay  of 210-211 

Landfield,  J.  T..on  gold  dredging 157 

Last  Chance  Creek,  Y.  T.,  freight  and  pas- 
senger rates  to 241 

gold  on,  fineness  of 208 

investigation  on 14 

Law,  status  of 255-260 

Lawson  Creek,  ditch  on,  plate  showing 114 

Lemon  Creek,  ditches  on 104, 107 

gold  on,  fineness  of 207 

Levat,  E.  D.,  on  sluicing 197 

on  thawing  in  east  Siberia 90 

^Lewington,  G.  A.  R., acknowledgments  to.       25 

on  ditch  building 120 

Lignite,  occurrence  of 213 

Lillian  Creek,  freight  and  passenger  rates 

to 240 

Lindbloom  Creek,  freight  and  passenger 

ratesto 241 

Lindgren,  W.,  on  California  rainfall 47 

Lindley.  C.  H.,  on  mining  law 257-258, 260 

Lisburne,  Cape,  coal  near 213 

Little  Minook  Creek,  freight  and  passenger 

rates  to 237 

gold  on,  fineness  of 208 

stream  conditions  on 52, 54 

Little  Minook,  jr.,  Creek,  gold  on,  feneness 

of 208 

Living,  cost  of,  investigation  into 15 

Location,  laws  of 255-260 

Long  tom,  character  and  use  of 55-56 

Lumber,  character  of 212 

prices  of 41-42,88,212-216 

Lynx  Creek,  freight  and  passenger  ra]es  to.      239 

M. 

McCoon  Creek,  wood  on,  price  of 215 

McKee  Creek,  B.  C,  ditches  on 104, 107, 118 

gold  on,  fineness  of 207 

hydraulic  giants  on 136 

investigation  on 13 

pipe  line  on 132 

view  of 132 

prcMpecting  on,  cost  of 41 

sluicing  on 148-144 

stream  conditions  on 52, 54 

tailings  on 151 

wood  on,  price  of 215 

McKinley  Creek,  gold  on,  fineness  of 207 

wood  on,  price  of 215 

McKinley    Creek    Mining    Co.    v.    Alaska 

United  Mining  Co.,  reference  to.      260 

Maluin,  H.,  on  protective  dams 146 

Mammoth  Creek,  gold  on,  fineness  of 208 

investigation  on 14 

prospecting  on,  cost  of 41 

stream  conditions  on 52, 54 

Wood  on,  price  of 216 

Map  of  A la?*ka.  showing  itinerary 14 

Martin  Creek,  freight  and  passenger  rates  to.      241 
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Mary's  Igloo,  distances  from 247 

Mastodon  Creek,  ditches  on 105, 109 

drain  on,  cost  of 58 

gold  on,  fineness  of 208 

in vestiga tion  on 14 

prospectrng  on,  cost  of 41 

s(^f-dumping  carriers  on 65 

stream  conditions  on 62, 54 

tailings  on 161 

topography  on,  plate  showing 120 

wood  on,  price  of 216 

Mastodon  Fork,  gold  on,  fineness  of 288 

stream  conditions  on 52 

Matanuska  basin,  coal  in 213 

Matteson,  E.  E.,  invention  of   hydraulic 

miningby 99 

Meking  Creek,  stream  conditions  on 63, 65 

wood  on,  price  of 216 

Melting  amalgam,  method  of 2aV207 

Mercury,  use  of 204 

Miller  Creek,  Alaska,  ditches  on 104, 107 

gold  on,  fineness  of 208 

wood  on,  price  of 216 

Miller  Creek,  Y.  T.,  ditches  on 105, 108 

Miller  Gulch,  gold  on,  fineness  of 207 

Mills  Creek,  freight  and  passenger  rates  to.      239 

Miner,  typical,  plate  showing 58 

Miner's  inch,  definition  of 34-35, 49-51 

duty  of 138-141 

Mining,  classes  of.  definitions  of 25-26, 34-39 

cost  of,  investigation  of 15 

Mining,  alluvial,  definition  of 26 

Mining,  dredge.    See  Dredging. 
Mining,  drift,  adit  for,  plate  and  figure  show- 
ing          84 

cost  of 38,82-85 

definition  of 25 

methods  of 82-99 

plate  showing 92 

rig  for,  figure  showing 82 

sampling  in 83 

system  of,  figure  showing 83 

Mining,  elluvial,  definition  of 26 

Mining,  gravel,  definition  of 25-26 

Mining,  hydraulic,  cost  of 33,38,101-102 

definition  of 25 

essentials  for 100-101 

Invention  of 99 

methods  of 99-156 

plates  and  figures  showing  92, 

132,136,137,152,154 

use  of 33, 100, 102 

water  for 9* 

Mining,  open-cut,  Cf>st  of 38, 56 

economy  of 55 

methods  of 56-82 

steam  point  in,  use  of,  plate  showing  . .        86 

view  of 154 

Mining,  placer,  definition  of 25-26 

methods  of 29-34 

conclusions  concerning 30 

Mining  law,  abuses  of 256-260 

extension  of,  to  AIa.«ika 257 

requi remen  ts  of 257-260 

Mining  supplies,  prices  of 249-254 
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Minook  Creek,  stream  conditions  on 52 

Miocene  Ditch  Co.,  ditcli  of,  map  of 124 

ditchesof 123 

view  on 13,124 

Mission  Creek,  gold  on,  fineness  of 208 

Montana,  miner's  incli  in ". 51 

Montana  dredge,  type  of 115-176 

Moonlight  Qulch,  freight  and  passenger 

rates  to 240 

More,  A.  H.,  acknowledgments  to 25 

Moss,  effect  of 88-89 

Moss  Qulch  Creek,  freight  and  passenger 

rates  to 240 

Mud  box,  character  and  use  of 191-192 

cost  of 193 

plates  and  figure  showing. 192, 194 

Munro,  C.  H.,  on  cost  of  dredging 168-173 

Mjrstery  Creek,  flight  and  passenger  rates 

to 242 

gold  on,  finenessof 209 

stream  conditions  on 53 

N. 

Neenana,  freight  and  passenger  rates  to. .  235-236 
New   York,    water    supply    of,   theoretic 
capacity  of,  for  hydraulic  min- 
ing        99 

New  Zealand,  dredge,  type  of 176-177 

view  of 162,168,167 

Newton  Creek,  investigation  on 14 

Niukluk  River,  dredge  on 167 

Nizina  district,  gold  in,  fineness  of 207 

mining  in,  methods  and  cost  of 29, 37-39 

prospecting  in,  cost  of 40 

stream  conditions  on 54 

wages  in 211 

wood  on,  price  of 215 

Nome,  beach  diggings  at,  gold  at,  fineness 

of 209 

distances  from 247-248 

freight  and    passenger   rates   to  and 

from 240-241 

fuel  at,  cost  of 34 

gold  at,  fineness  of 209 

lightering  at.  cost  of 239,241 

prices  at 249-254 

Nome  Arctic  Railway,  construction  of 227 

Nome  district,  ditches  in 105, 109 

drift  mining  in **".  93 

duty  of  miner's  inch  in 13H-140  | 

gold  in,  fineness  of 209 

hot-water  thawing  in 97 

hydraulic  giants  In 136 

mining  in,  methods  of 29 

prospecting  in,  cost  of ^2 

roads  in 221 

shoveling  in,  duty  of  man  in 59 

steam  thawing  in  *^ 

stream  conditions  in    53, 54 

wages  in '-^'^ 

wood  in,  price  of -^^^ 

Nome  River, ditches  and  ditch  buildingon.     105. 

109 
ditches  and  dltch-buIlding  on.  plate 

showing }^ 

freight  and  passenger  rates  to '^*^ 
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Nome  River,  stream  conditions  on 53 

water  supply  of ^ 

Nugget  Creek,  freight  and  passenger  ratCB 

to 241 

Nulato,  freight  and  passenger  rates  to  and 

from 23»-236 

ice  at ^^ 

rainfall  at « 

stream  conditions  at 

temperatures  at 4* 

O. 

Oil,  price  of 84,214 

OmegaCreek.freightandpasaengerratesto.       287 

stream  conditions  on 68 

Open-cut  mining.    See  Mining,  open-cut. 

Ophir  Creek,  derricking  on 67-70 

plate  showing W 

ditches  on 106,  UO,  126-127 

plate  showing 126 

flume  on,  view  of 124 

investigation  on.. 14 

mining  on 87 

freight  and  passenger  rates  to 240, 242 

gold  on,  fineness  of 194,209 

prospecting  on,  cost  of 42 

sluicing  on 149 

plate  showing 148 

stream  conditions  on 63, 55 

wages  on 210 

water  supply  of 46 

wood  on,  price  of 216 

Oregon,  use  of  water  gate  in 67 

Oregon  Creek,  freight  and  passenger  rates 

to 241 

Oroville,  Cal.,  dredges  and  dredging  at 157- 

158, 176-177 

dredges  and  dredging  at,  cost  of 167-173 

views  of .-  168,180,182,184 

investig^on  at 14 

Osbom  Creek,  freight  and  passenger  rates 

to 240 

stream  conditions  on 53 

Otter  Creek,  freight  and  passenger  rates  to.      241 

P. 

Pack  train,  view  of 228 

Paige,  Sidney,  acknowledgments  to 13 

work  of 15 

Pass,  Siberian,  view  of 198 

Passenger  service,  character  of 228, 282 

rat&sof -228-241 

Peavy,  freight  and  passenger  rates  to  and 

from 236-237 

Pedro  Creek,  conditions  tn 32-33 

derricking  on,  cost  of  66-67,70-71 

freight  and  pas-^enger  rates  to 238 

gold  on,  fineness  of 206 

hot- water  thawing  on 96 

prospecting  on, cost  of 42 

stream  conditions  on 53,54 

wood  on,  price  of 2I6 

Peluk  Creek,  freight  and  passenger  rates  to.      241 

investigation  on *  14 

wood  on,  price  of 2I6 

Penelope  Creek,  horse  scraping  on,  cost  of. .        60 
investigation  on X4 
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Penny  River,  freight  and  passenger  rates  to.     241 

Perkins,  H.  C,  acknowledgments  to 25 

Pichard,  G.  W.,  on  electric  thawing 89 

Pine  Creek, B.C., ditches  on 104,107 

gold  on,  fineness  of 207 

investigation  on 13 

pipe  line  on,  view  of 128 

stream  conditions  on 52,54 

wood  on ,  price  of 216 

Pine  Creek  Power  Co.,  sluices  of 146 

Pioneer  Creek,  ditches  on 105, 109 

freight  and  passenger  rates  to 241 

stream  conditions  on 62 

Pioneer  01en,freight  and  passenger  rates  to.     287 

Pipe  line,  construction  of 119, 128-134 

construction  of,  figures  and  plate  show- 
ing   132-133 

prices  of 180 

sections  and  parts  of.  figures  showing. .    129, 
131,132,133 

shipping  of,  method  of 129 

view  of 128 

Placer  mining,  character  of 27 

definition  of 25-26 

kinds  of,  distribution  of 28-29 

methods  of  working  of 28 

Placers,  bench,  character  of 27 

distribution  of 28-29,101 

method  of  working  of 28, 40, 101 

Placers,  creek,  character  of 27 

distribution  of 28-29 

method  of  working  of 27 

Placers,  gravel-plain,  character  of 27 

distribution  of 29 

method  of  working  of 28 

Placers,  hillside,  character  of 27 

distribution  of 28-29 

method  of  working  of 27 

Placers,  lake-bed,  character  of 27 

distribution  of 28 

method  of  working  of 28 

Placers,  river-bar,  character  of ' 27 

distribution  of 28-29 

method  of  working  of 28 

richnesb  of 159 

Placers,  sea-beach,  character  of 27 

distribution  of 29 

method  of  working  of 28 

Placers,  tundra.    See  Placers,  gravel-plain. 

Platinum,  occurrence  of 26 

Porcupine  Creek,  wood  on,  price  of 216 

Porcupine  district,  ditches  in 104, 108 

freight  and  passenger  rates  to 238 

gold  in,  fineness  of 207 

mining  in,  methods  of 29 

prospecting  In,  cost  of 41 

wagesin 211   | 

wood  on,  price  of 212,215  i 

Port  Clarence  district,  ditches  in 106, 110 

gold  in,  fineness  of 209 

tnining  in,  methods  of 29 

wages  In 211 

wood  in,  price  of 216 

Powers  of  attorney,  abuse  of 255-257 

Pressure  box,  plates  showing 116 

Prindle,  L.  M.,  information  from 61 
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Prindle,  L.  M.,  mention  of 14 

Prospect  Creek,  freight  and  passenger  rates 

to 241 

Prospecting,  cost  of 39, 41-42 

methods  of 39-40 

results  of 42-48 

Pump,  China.    See  China  pump. 

Pumping,  cost  of 58,102 

Punched  plates,  use  of 195-196 


Railways,  construction  of 227-228, 239 

Rainfall,  statistics  of 48 

Rampart,  freight  and  passenger  rates  to  and 

from 283-284,237 

Rampart  district,  ditches  In 105,109 

gold  In,  fineness  of 206 

mining  In,  methods  of 29 

prospecting  in,  cost  of 42 

stream  conditions  In 45,52-64 

wagesin 211 

wood  in,  price  of 216 

Red  Mountain,  freight  and  passenger  rates 

toandfrom 236-237 

Reservoirs,  storage,  construction  and  cost 

of 127-128 

Resurrection  Creek,  wood  on,  price  of 216 

Rhode  Island  Creek,  freight  and  passenger 

ratesto 237 

stream  conditions  on 53 

Riffles,  improved,  figures  and  plates  show- 
ing  80,195,200,202,203 

types  of 200-206 

Riffles,  rail,  figure  showing 149 

Roads,  act  of  Congress  concerning 217-218 

construction  and  character  of 16, 

217-220,225-226 

figure  showing 226 

cost  of 219,220,223-225,227 

in  Interior  province 226-227 

In  Seward  Peninsula 227-228 

in  South  Coast  province 222 

in  Yukon  Territory 222-226 

suggested  routes  for 226 

views  of 220,224,226 

Robinson,  A.  W.,  on  dredging 160 

Rock  Creek,  freight  and  passenger  rates  to.      241 
stream  conditions  on 53 

Rock  Island  Point,  freight  and  passenger 

rates  to  and  from 236-237 

Rocker,  character  and  use  of 55-56 

figure  showing 66 

Ruby  Creek,  freight  and  passenger  rates 

to 237,242 

stream  conditions  on 52 


St.  Michael,  freight  and  passenger  rates 

to 230-231.284-235 

rainfall  at 48 

temperatures  at 49 

Sampling,  necessity  for 42-43, 83 

method  of 42-43 

Sand  Point,  freight  and  passenger  rates 

to 23Q-231 
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Sawmills,  location  of 212-213 

Seattle  Creek,  freight  and  passenger  rates  to.      240 

stream  conditions  on 53 

Seattle  Point,  freight  and  passenger  rates  to 

and  from 236-237 

Settling  pond,  view  of 128 

Seward,  freight  &nd  passenger  rates  to. . .  230-231 
Seward    Peninsula,   derricking    in,   plate 

showing 70 

distances  in,  table  of 247 

districts  in 29. 35 

ditches  and  ditch  building  in 15, 

33, 46-47, 105-106, 109-110, 119-127 

plates  showing 120 

dredging  in 160,164,167 

drifUngin 87-88 

gold  in,  fineness  of 194 

horse  scraping  in,  cost  of 60 

machinery  in,  use  of 121 

magnetitein 206 

map  of  part  of 47 

mining  in,  methods  and  cost  of . .  29. 33, 36-38 

moss  in 88-89 

physical  conditions  in 33-34.  sh-89 

roads  in 219-221 

settling  pond  in,  view  of 128 

sluicing  in 149-150 

wages  in 82 

water  supply  in 31-35,45,47 

wood  on 212 

Shafts,  prospecting,  c(»st  of 39-42 

Shovel  Creek,  freight  and  passenger  rates  to.      242 

stream  conditions  on 63, 56 

Shoveling  in,  advantages  of 59-60 

cost  of 37-38,56,59-60,190 

duty  of  a  man  in 59 

Silver  Bow  basin,  ditches  in l5i,  107, 1 15 

flume  in,  view  of 118 

hydraulicking  in,  plate  showing 92 

investigation  in 13 

pressure  box  in,  plate  showing 116 

sluicing  in 143 

Sixmile  Creek,  gold  on,  fineness  of 207 

Skagway,  freight  and  passenger  ralt»s  to  .  2:50-231 

ralnfallat 4s 

temperatures  at 49 

Slate  Creek,  freight  and  pa.ssenger  rate  >  to.      237 

gold  on,  fineness  of 207 

stream  conditions  on 52 

woo<l  on,  price  of 216 

SledgeCreek,  freightand  iMisstngor  rates  to.      241 

Sluice,  bed-rock,  view  of 13«».  148 

Sluice-box  grade,  definition  of 54 

Sluice  Ik)xi*s,  cost  of 197 

character  and  use  of 56-57 

defects  of 19;i-194 

dumping  into,  plate  showing 62 

figures  and  plate  showing . . .  143, 153, 196, 198. 

194 

grade  of 195 

making  of,  tools  for,  figure  showing  . . .      146 

set-up  of,  plnte  showing 56 

types  of 195-199 

use  of,  cost  of 56, 190 

Sluicing,  cost  of 39,56.57,137,142.111.148 

efllclency  of 141, 144-146 
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Sluicing,  methods  of 142-152 

Smith,  Hamilton,  on  miner's  inch 50 

pipe-line  experiments  by 134 

Snake  River,  drilling  on,  plate  showing  ...       40 

stream  conditions  on 63 

Societ4j  MiniCire,  plant  of 146-147 

Sod,  use  of 124,128 

Solomon,  distances  from 247 

freight  and  passenger  rates  to  and  from .    230- 
231,240,242 

Solomon  district,  ditches  in 106, 110 

duty  of  miner's  inch  in 140 

gold  in,  fineness  of 209 

mining  in,  methods  of 29 

stream  conditions  f n 53, 55 

wages  In 211 

wood  in,  price  of 216 

Solomon  Hill,  drifting  on,  figure  showing. .       85 

Solomon  River,  dredging  on 164, 166 

gold  on,  fineness  of 209 

gravel  on,  tenor  of 165 

investigation  on 14 

shoveling  on,  duty  of  man  in 69 

stream  conditions  on 63,55 

water  supply  of 46 

South  Coast  province,  coal  in 213 

dl«!trictsln 28-29,35 

ditches  in 104.107-108,113-117 

dredging  in 160 

gold  of,  character  of 143 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

fBulletin  No.  26S.] 

The  aerial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Reports,  (2)  Monographs,  (8)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had  on 
application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  member  of  Congress  is  allotted  a  certain  number,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
in  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  bulletin  is  the  fifty-fifth  in  Series  A,  the  complete  list  of  which  follows. 
(PP=Professional  Pai)er;  B=Bulletin;  WS= Water-Supply  Paper.) 

SERIES  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reservation:  Report  on  region  between  Grand  and  Moreau  rivers, 

Dakota,  by  Bailey  Willis.    1885.    16  pp.,  5  pis.     (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  P.  Penrose,  jr.,  with  introduction 

by  N.  S.  Shalcr.    1888.    143  pp.    (Out  of  stock.) 
B  66.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C. 

White.    1891.    212  pp.,  11  pis.     (Out  of  stock.) 
B  111.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    1893.    106 

pp.,  6  pis. 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  W'inslow.    1896.    31  pp. 
B  138.  Artesian-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    18%,    228  pp.,  19 

pis.    (Out  of  stock.) 
B  139.  Geology  of  Castle  Mountain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  PIrsson.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J.  C.  Branncr.    1896.    114  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan,  including  a  report 

on  igneous  rmtks  from  the  San  Carlos  coal  field,  by  E.  C.  E.  Lord.     1900.    100  pp.,  11  pis. 
B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp.,  1  pi. 

B  180.  Occurrence  and  distribution  of  corundum  in  I'nited  States,  by  J.  H.  Pratt.    1901.    98  pp.,  14  pis. 
B  182.  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colorado,  by  F.  L.  Ransome. 

1901.  266  pp.,  16  pis. 

B  184.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  Coal  Meiusures  and  of  the  Upper 
Cretaceous  and  Tertiary  of  the  western  Gulf  coast,  by  G.  I.  Adams.  1901.  64  pp.,  10  pis. 
(Out  of  stock.) 

B  193.  The  geological  relations  and  distribution  of  platinum  and  associated  metals,  by  J.  F.  Kemp. 

1902.  96  pp..  6  pis.     (Out  of  stock.) 

B  198.  The  Berea  grit  oil  sand  in  the  Cadiz  quadrangle.  Ohio,  by  W,  T.  Griswold.    1902.    43  pp.,  1  pi. 
PPl.  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 
the  geology  of  southeastern  Alaska,  by  Alfred  Hulse  Brooks.    1902.    120  pp.,  2  pis. 
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B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  M.  R.  Campbell. 

1902.    23  pp.,  1  pi. 
B  e02.  Tests  for  gold  and  silver  in  shales  from  western  Kansas,  by  Waldemar  Llndgren.    1902.    21  pp. 
PP2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J.  Collier. 
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PP 10.  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall,  Kanuti.  Allen, 
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B212.  Oil  fields  of  the  Texas- Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Hayes  and  William  Kennedy. 
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B,213.  Contributions  to  economic  geology,  1902;  8.  F.  Kmmons,  C.  W.  Hayes,  geologists  in  charge. 

1903.  449  pp. 

PP  16.  The  mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C  Mendenhall  and 
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B  219.  The  ore  deposits  of  Tonopah,  Nevada  (preliminary  report),  by  J.  E.  Spurr.    1908.    31  pp.,  1  pi. 
PP  20.  A  reconnaissance  in  northern  Alaska,  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PP  21.  Geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168  pp., 
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PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp.,  27  pis. 
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B  225.  Contributions  to  economic  geology,  1903;  8.  F.  Emmons,  C.  W.  Hayes,  geologists  in  charge. 
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PP  26.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  8.  F. 
Emmons  and  T.  A.  Jaggar.  jr.    1904.    222  pp.,  20  pis. 

PP  27.  A  geological  rc<!onnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  In  Mon- 
tana and  Idalio,  by  Waldemar  Llndgren.    1904.    123  pp.,  15  pis. 

B  229.  Tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    1904.    61  pp.,  7  pis. 

B  236.  The  Porcupine  placer  district.  Alaska,  by  C.  W.  Wright.    1904.    35  pp.,  10  pis. 

B  238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  Erasmus  Haworth,  and 
W.  R.  Crane.    1904.    83  pp.,  11  pis. 

B  243.  Cement  materials  and  industry  of  the  United  States,  by  E.  C.  Eckel,    1905.    895  pp.,  15  pis. 

B  246.  Zinc  and  lead  deposits  of  northwestern  Illinois,  by  H.  Foster  Bain.    1904.    56  pp.,  5  pis. 

B  247.  The  Fairhaven  gold  placers,  Seward  Peninsula,  Ala.«*ka,  by  F.  H.  Mofflt.     1905.     85  pp.,  14  pis. 

B  249.  Limestones  of  southeastern  Pennsylvania,  by  F.  G.  Clapp.    1905.    h2  pp.,  7  pis. 

B  250.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 
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B  251.  The  gold  placereof  the  Fortymile.  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by  L.M.  Prindle. 
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WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp.,  8  pis. 
PP  36.  The  lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  8.  T.Smith. 

1906.  218  pp.,  15  pis. 

PP  38.  Economic  geology  of  the  Bingham  mining  district  of  Utah,  by  J.  M.  Boutwell,  with  a  chapter 
on  areal  geology,  by  Arthur  Keith,  and  an  introduction  on  general  geology,  by  S.  F.  Emmons. 
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PP41.  The  geology  ol  the  central  Copper  River  region,  Alaska,  by  W.C.  Mendenhall.  1905.  — pp.,  — pis. 
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RussBLL,  I.  C.  Account  of  an  expedition  to  the  Yukon  Valley  in  1889.  In  Eleventh 
Ann.  Rept.,  pt.  1, 1891,  pp.  57-68.  Extract  from  Frofeesor  Russell's  com- 
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Dall,  W.  H.,  and  Harris,  G.  D.  Summary  of  knowledge  of  Neocene  geology  of 
Alaska.     In  correlation  Papers— ISTeocene:  Bull.  No.  84,  1892,  pp.  232-268. 
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Becker,  G.  F.  Reconnaissance  of  the  gold  fields  of  southern  Alaska,  with  some 
notes  on  general  geology.  In  Eighteenth  Ann.  Rept.,  pt  3, 1898,  pp.  1-86. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch. 
Wmhingtm},  J).  C,  February  13,  1905. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Record  of  Deep  Well  Dnlling  for  11K)4,"  prepared  by  Messrs.  M.  L. 
Fuller  and  E.  F.  Lines,  but  including  certain  material  compiled  from 
notes  furnished  by  Mr.  A.  C.  Veatch.  The  report  presents  the  results 
of  the  first  six  months'  work,  with  a  system  for  the  collection  of  well 
records  and  samples,  formulated  by  Mr.  Veatch  and  put  in  operation 
under  the  direction  of  Mr.  Fuller,  chief  of  the  eastern  section  of  the 
division  of  hydrology,  on  July  10,  1904.  Mr.  Veatch  was  assisted  by 
Mr.  Lines  until  September  15,  when  the  work  was  relinquished  to  the 
latter.  The  report  embodies  the  records  of  a  large  number  of  wells, 
for  many  of  which  sets  of  samples  are  preserved  on  file,  and  in  addition 
gives  an  account  of  the  development  of  the  system  and  of  the  methods 
employed. 

The  principal  aim  of  the  report,  as  stated  in  the  introduction,  is  to 
furnish  drillers  and  present  or  prospective  well  owners  a  basis  for 
future  work  and  to  afford  geologists  and  others  a  more  complete 
knowledge  of  the  rock  succession  and  structure.  It  is  hoped  that  the 
report  will  lead  to  greater  appreciation  of  the  value  of  records  by  the 
driller  and  will  serve  to  encourage  the  preservation  of  samples. 
Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  Stateji  Geological  Survey, 
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RECORD  OF  DEEP  WELL  DRILLING  FOR  1904. 


By  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch. 


INTRODUCrriON. 

In  this  report,  which  in  the  first  of  a  proposed  series  of  annual  pub- 
lications, are  presented  the  results  of  the  first  six  months'  work  by 
the  United  States  Geological  Survey  in  the  systematic  rollection  of 
well  records  and  samples.  Much  time  having  been  occupied  in  organ- 
ization and  preliminary  correspondence,  the  results  of  onlyatout  three 
months'  actual  work  are  included.  The  report  is  issued  for  the  pur- 
pose of  giving  to  present  or  prospective  well  owners  and  drillers  the 
results  of  drilling  as  reported  to  the  Survey,  with  the  object  of  fur- 
nishing them  as  good  a  basis  as  possible  for  future  drilling  in  the 
regions  discussed,  and  to  afford  geologists  and  others  a  more  complete 
knowledge  of  the  rock  succession  and  structure. 

It  is  intended  that  the  reports  of  the  series  shall  present  records  of 
contemporaneous  drilling  rather  than  the  results  of  past  work,  a  spe- 
cial attempt  being  made  to  secure  records  accompanied  by  samples. 
The  logs  of  completed  wells,  however,  will  l>e  incorporated  when 
practicable;  but  as  records  of  such  wells  are  seldom  preserved  for  any 
length  of  time,  their  number  will  probably  decrease  in  proportion  to 
new  wells  as  the  work  continues. 

All  well  records  received  during  the  year  1904  that  were  accom- 
panied by  complete  sets  of  samples  are  presented  in  this  report,  as 
are  also  a  considerable  number  furnished  by  drillers,  contractors,  well 
owners,  etc.,  representing  other  completed  wells.  The  report  does 
not,  however,  include  all  records  furnished  the  Survey,  a  great  num- 
ber being  furnished  by  oil  companies  and  others  intei*ested  in  the 
development  of  oil  or  mineral  lands.  Many  of  these  are  confidential 
and  can  not  be  published,  while  others  will  be  compiled  and  embodied 
in  reports  on  special  regions,  which  will  be  published  later. 

Grateful  acknowledgment  is  made  to  the  following  contractors  and 
drillers  who,  by  furnishing  records  or  samples,  have  assisted  the  Sur- 
vey in  its  endeavor  to  bring  about  a  better  knowledge  of  the  strata 
penetrated  in  drilling.  The  asterisk  (*)  indicates  that  records  of  wells 
are  given  in  whole  or  in  part  in  the  present  report;  in  the  other  cases 
the  records  are  either  confidential  or  are  reserved  for  special  reports 
to  be  published  later. 
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8  RECORD   OF   DEEP   WELL   DRILLING   FOR   1904.         [bcll.264. 

Prinripal  contractors  and  drillers  furnishing  records. 

Aggers,  William  A.,  Muscogee,  Ind.  T. 

Akin,  Mr.,  Wade  avenue,  Washington,  Pa. 
♦Akins,  E.  J.,  driller  for  Reece,  Heasley  &  Meals,  Hundred,  W.  Va. 

Archer,  Kruger,  Mississippi. 
♦Artesian  Well  and  Supply  Company,  Dyer  and  Friendship  streets,  Providence,  R.  I. 
♦Barber,  Lucien  C,  Scott,  Cortland  County,  N.  Y. 

Barnes,  R.  B.,  Artesia,  N.  Mex. 

Beach,  O.  C,  Roswell,  N.  Mex. 
*Bean,  J.  S.,  R.  F.  D.  65,  Emlenton,  Pa. 

Birdsong,  Mason,  Bolton,  Miss. 

Bishop,  Mr.,  Salt  Lake  City,  Utah. 

Black,  Frank  L.,  Waynesburg,  Pa. 
♦Black,  R.  H.,  423  John  street,  Bratldock,  Pa. 
♦Bliss,  George  R.,  Rye,  N.  Y. 
♦Bolles,  William  M.,  Franksville,  Wis. 

Borchers,  W.  F.,  68  East  Maiden  street,  Washington,  Pa. 

Brigham,  W.  J.,  Tunica,  Miss. 

Broiles,  E.,  Artesia,  N.  Mex. 
♦Carman,  George  W.,  driller  for  G.  W.  Patterson,  Stewartstown,  Pa. 

Carnegie  Natural  Gas  Company,  Carnegie  Building,  Pittsburg,  Pa. 

Carter  Oil  Company,  Titusville,  Pa. 
♦Champlin,  F.  A.,  East  Longmeadow,  Mass. 

Chapman  &  Sperry,  Artesia,  N.  Mex. 

Chartiers  Oil  Company,  Tradesmen's  Building,  Pittsburg,  Pa. 

Chesiiey  &  McCready,  Muscogee,  Ind.  T. 
♦Christofferson,  E.,  driller  for  J.  F.  McCarthy,  Fertile,  Minn. 
♦Cladek,  Frank  T.,  West  Scott  avenue.  Rah  way,  N.  J. 
♦Clifton,  R.  T.,  Velasco,  Tex. 
♦Colwell,  J.  A.,  West  Superior,  Wis. 

Cook,  William  J.,  Muscogee,  Ind.  T. 

Cooper  &  Warren,  Roswell,  N.  Mex. 
♦Copley,  W.  H.,  828  Leonard  street,  Fostoria,  Ohio. 
♦Craig,  L.  J.,  Rock  Springs,  Wyo. 

Crane,  G.  S.,  Checotah,  Ind.  T. 
♦Crist,  S.  T.,  and  Son,  Codonis,  York  County,  Pa. 

Cunningham,  J.  B.,  Clifton ville,  Miss. 
♦Danis,  C.  H.,  Coldspring  Harbor,  N.  Y. 

Devonian  Oil  Company,  Pittsburg,  Pa. 
♦Dibble  &  Ernest,  Fullertown,  Ohio. 
♦Dillon,  J.  B.,  Bowen,  Pike  County,  Ark. 

♦Duck,  Elmer  J.,  driller  for  John  McCool,  New  Freeport,  Greene  County,  Pa. 
♦Dunlap,  T.  L.,  driller  for  J.  B.  Fishel,  New  Martinsville,  W.  Va. 

Dunn,  J.  L.,  Dunns  Station,  Washington  County,  Pa. 

Durst,  F.  A.,  Bellefourche,  S.  Dak. 
♦Eagen,  Thomas,  Poynette,  Wis. 
♦Egan,  James,  driller  for  F.  A.  Champlin,  Mansion  House,  Springfield,  Mass. 

Eisman,  David,  Washington  Tnist  Building,  Washington,  Pa. 
♦Elliott,  J.,  Mellville,  N.  Y. 

Endly,  W.  J.,  Nowata,  Ind.  T. 

English,  A.  Z.,  Muscogee,  Ind.  T. 
♦K^py,  E.,  driller  for  J.  F.  McCarthy,  Atwater,  Minn. 
♦Faust,  J.  J.,  South  Kaukauna,  Wis. 


Digitized  by  VjOOQLC 


ISd^vLtch^]  contractors   AND   DRILLERS.  9 

Feigler,  C.  E.,  Minter  CSty,  Miss. 
*Ford,  John  L.,  driller  for  J.  A.  Sutter,  Pass  Christian,  Miss. 

Forest  Oil  Company,  323  Fourth  avenue,  Pittsburg,  Pa. 

Forman,  Grant,  Muscogee,  Ind.  T. 
*Fowler,  Thomas,  Corpus  Christi,  Tex. 

Fox,  J.  A.,  Roswell,  N.  Mex. 

Franklin  Oil  Company,  Tyro,  Kans. 

Garner  &  Swerringen,  Artesia,  N.  Mex. 
♦Gibson,  Alex.  T.,  West  Winfield,  Herkimer  County,  N.  Y. 

Gillespie,  R.  G.,  Pittsburg,  Pa. 

Goldsbui^,  Albert,  Memphis,  Tenn. 
♦Gorder,  H.  G.,  Dodgeville,  Wis. 
*Granberry,  P.  M.,  &  Co.,  box  115,  Houston,  Tex. 
*Grant,  C.  L.,  17  Byron  street.  Providence,  R.  I. 

Grayson,  Harry,  Washington  Trust  Building,  Washington,  Pa. 
*Green,  Charles  L.,  1160  Stuart  street.  Green  Bay,  Wis. 

Greensboro  Natural  Gas  Company,  808  Tradesmen's  Building,  Pittsburg,  Pa. 

Guffey  &  Queen,  Pittsburg,  Pa. 
♦Guffy  &  Galey,  Pittsburg,  Pa. 
*Gunter  Brothers,  Stuttgart,  Ark. 

Hale,  J.  C,  Artesia,  N.  Mex. 
*Halterman,  George  G.,  Parowan,  Utah. 
*Hambrecht,  H.  W.,  superintendent  for  L.  Wilson  Well  Company,  225  Dearborn 

street,  Chicago,  111. 
♦Hamilton,  W.  F.,  Ocala,  Fla. 

♦Hammond,  E.  D.,  120  Sargeant  street,  Hartford,  Conn. 
♦Harmon,  William,  226  East  Market  street,  Tiffin,  Ohio. 
♦Harper,  Thomas  B.,  Jenkintown,  Pa. 

♦Harris,  N.  F.,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦Hawk,  John  I.,  Selma,  Ala. 

Heath,  E.  N.,  Artesia,  N.  Mex. 
♦Heflin,  J.  O,  &  Co.,  2004  Third  avenue,  Birmingham,  Ala. 

Henderson,  J.  B.,  McMillan,  N.  Mex. 
♦Hills,  I.  W.,  Medina,  Wis. 
♦Howard,  F.,  Canandaigua,  Lenawee  County,  Mich. 

Hulse,  Jesse,  Murray,  Utah. 
♦Jameson,  William,  driller  for  St.  Mary's  Drilling  Company,  Lima,  Ohio. 
♦Jenkins,  E.  A.,  Scottsville,  N.  Y. 

Jennings  Brothers,  Pittsburg,  Pa. 
♦Johnston,  R.  J.,  box  528,  Burlington,  Iowa. 
♦JoHjensen,  H.,  driller  for  W.  N.  Bolles,  Franksville,  Wis. 

Judd,  W.  E.,  Farmington,  Utah. 

Karns,  S.  E.,  Beaver,  Pa. 

Kelly  Bros.  &  Cooper,  Beaver,  Pa. 

Kennedy,  W.  C.  &  Co.,  Pittsburg,  Pa. 
♦Kinney,  James,  jr.,  Bellaire,  Ohio. 

Klinkscale,  Mr.,  Roswell,  N.  Mex. 
♦Knaack,  Henry  M.,  Station  A,  R.  R.  No.  5,  Milwaukee,  Wis. 
♦Knauf,  M.  F.,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦limbic,  Robert,  Drilling  Company,  Orrville,  Ohio. 

I^arssen,  Peter,  Salt  Lake  City,  Utah. 

Lawrence  Gas  Company,  Youngstown,  Ohio. 
♦I^ee,  John  H.,  1702  Houston  avenue,  Houston,  Tex. 

Leonard,  John,  63  West  Chestnut  street,  Washington,  Pa. 
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10  RECORD   OF    DEEP   WELL   DRILLING   FOR   19(H  [bull.  264. 

♦Liberty  Well  Company,  7633  Bennett  street,  Pittsbui^,  Pa, 

Lykins,  W.  C,  Miami,  Ind.  T. 
*Lyle,  James,  349  North  Main  street,  Washington,  Pa. 
♦Lynch,  Albert,  Stamford,  Conn. 

McCausland,  John,  33  West  Walnut  street,  Washington,  Pa. 
♦McDonald,  J.  J.,  driller  for  Smith  &  Thayer  Company,  Berlin,  N.  H. 
♦McDonald,  R.  H.,  driller  for  C.  E.  Gesin,  Tidioute,  Pa. 

♦McCiuckin,  J.  B.,  driller  for  Thomas  B.  Harper,  5921  Beechwood  street,  Philadel- 
phia, Pa. 

McVay  Brothers,  Rockyford,  Colo. 
♦Matteson  &  Zeigler,  Bonsteel,  S.  Dak. 
♦Maule,  Lewis,  Copemish,  Manistee  County,  Mich. 

♦Meloy,  K.  D.,  driller  for  Charles  S.  Wise,  2544  North  Grand  avenue,  St  Louis,  Mo. 
♦Mentzer,  Frank,  driller  for  Artesian  Well  and  Supply  Company,  Providence,  R.  I. 
♦Miller's,  W.  J.,  Sons,  Genoa  Junction,  Wis. 

Monongahela  Natural  Gas  Company,  Oliver  Building,  Pittsbui^,  Pa. 

Muno,  P.,  McMillan,  N.  Mex. 

Murdock,  Baldwin  &  Co.,  Union  Trust  Building,  Washington,  Pa. 

Natural  Cias  Company  of  West  Virginia,  39  Vandergrift  Building,  Pittsbuiv,  Pa. 
♦Nicholn,  L.,  driller  for  J.  P.  Miller  Artesian  Well  Company,  39  Michigan  street, 
Chifago,  111. 

Nicholson,  W.  I.,  Wagoner,  Ind.  T. 

Norbeck  &  Nicholson,  Redfield,  S.  Dak. 
♦O'Neill,  James,  217  West  College  street,  Albert  Lea,  Minn. 

Oregon  Short  Line  Engineering  Department 
♦Osborne,  W.  R.,  Metuchen,  N.  J. 
♦Pannewitz,  P.  E.,  Schulenburg,  Tex. 

Patrick,  D.  R.,  Ilagerman,  N.  Mex. 
♦Pearsall  &  Co.,  Utica,  Ohio. 

People's  Gas  Company,  Tradesmen's  Building,  Pittsburg,  Pa. 

Philadelphia  Company,  Philadelphia  Building,  Pittsbui^,  Pa. 
♦Phillips,  A.  P.,  314  North  Main  street  Findlay,  Ohio. 

Phillips,  Jake,  Springville,  Utah. 

Pinchin,  Job,  Salt  Lake  City,  Utah. 

Poland,  C.  E.,  Ilagerman,  N.  Mex. 

Pond,  Chester  H.,  Moorhead,  Miss. 

Prairie  Oil  and  (las  Company,  Ne<Klesha,  Kans. 

Preston,  John,  322  Washington  Trust  Building,  Washington,  Pa. 
♦Pursell,  F.  XT.,  Waukena,  Cal. 
♦Pursell,  T.  A.,  Waukena,  Tulare  County,  Cal. 

Pyle,  P.  L.,  Fort  Gibson,  Ind.  T. 

Ratliff,  W.  E.,  McMillan,  N.  Mex. 
♦Reardon,  II.  A.,  driller  for  F.  S.  Black,  Delmont,  Pa. 
♦Reed,  Jefferson  J.,  driller  for  R.  D.  Mead  &  Co.,  Higbee,  Greene  County,  Pa. 

Reese  <fc  Heasley,  Waynesburg,  Pa. 

Reeves,  Ira  L.,  Muscogee,  Ind.  T. 
♦Ridimth  &  Potter,  587  Bourse  Building,  Phila^lelphia,  Pa. 
♦Bobbins,  S.  L.,  Blaine,  Kans. 
♦Rol)er8on,  Elmer  A.,  Box  83,  Cheney,  Kans. 

Ross,  Tim,  Waynesburg,  Pa. 
♦Roughen,  Patrick,  213  Amory  street,  Fond  du  Lac,  Wis. 
♦St  Marys  Drilling  Company,  St  Marys,  Ohio. 
♦Sealy,  W.  F.,  27  Seventh  street.  Fond  du  Lac,  Wis. 
♦Shanks,  Oscar,  P.  O.  Box  485,  Alexandria.  La, 


Digitized  by  VjOOQIC 


ISd^'vIItch'^]  contractors    AND   DRILLERS.  11 

*Sharpe,  J.  E.,  304  West  College  street,  Albert  Lea,  Minn. 

Shay,  John  W.,  249  Locust  avenue,  Washington,  Pa. 
♦Shute,  C.  E.,  Bath,  Me. 

Smith,  A.  B.,  Muscogee,  Ind.  T. 

Southern  Pacific  Railroad  Engineering  Department. 

South  Penn  Oil  Company,  323  Fourth  avenue,  Pittsburg,  Pa. 

Steele,  C.  L.,  Muscogee,  Ind.  T. 
♦Steinsiek,  H.  W.,  4321  Prairie  avenue,  St  Louis,  Mo. 

Stevenson,  J.  B.,  Springville,  Utah. 
*Stotthoff  Brothers,  Flemington,  N.  J. 
♦Strait,  E.  C,  Prentiss  Vale,  Pa. 
*Sutter,  Frank,  Pensacola,  Fla. 
*Sutter,  John  A.,  Pass  Christian,  Miss. 

Taylor,  D.  J.,  Roswell,  N.  Mex. 
*Taylor,  Fred,  Grandville,  Mich. 
•'Teeter,  W.  G.,  North  Salem  avenue,  Dayton,  Ohio. 
♦Thome,  W.  L.,  &  Co.,  Whitewater,  Wis. 
*Tomlin,  James,  Mars,  Oreg. 
*Tracy,  Albert,  Orrville,  Ohio. 
*Trow,  Linden  C,  driller  for  W.  J.  Miller's  Sons,  Genoa  Junction,  Wis. 

Turner,  E.  F.,  Leland,  Miss. 
*Vandervort,  E.  R.,  Warrens,  Wis. 
*Wainright,  V.,  Lake  Charles,  La. 

♦Walters,  W.  P.,  driller  for  St.  Mary's  Drilling  Company,  Alto,  Ind. 
♦Wankel,  Frank,  535  Himrod  street,  Brooklyn,  N.  Y. 
♦Waterman  Brothers,  Hamorton,  Chester  County,  Pa. 
♦Watkins  &  Co.,  Vancamp,  W.  Va. 
♦Weiler  Brothers,  Box  367,  Marietta,  Ohio. 

Westfal,  John,  Provo  City,  Utah. 

Weetphal,  Gus,  Salt  Lake  City,  Utah. 

White,  Elza,  Roswell,  N.  Mex. 

Willetts,  Elmer  E.,  186  South  Mam  street,  Washington,  Pa. 
♦Winger,  Josiah  G.,  Box  135,  Grand  Valley,  Pa. 

Yager,  Frank,  Salt  Lake  City,  Utah. 

In  addition  to  the  drillers  furnisliing  records  and  samples,  special 
thanks  are  due  to  the  owners  of  many  wells,  through  whose  courtesy 
and  by  whose  orders  many  of  the  samples  and  records  were  furnished 
the  Survey.  The  names  of  the  owners  are  given  in  the  tables  of 
records,  those  furnishing  records  being  indicated  by  the  letter  '*0" 
in  the  column  headed  ''Authority." 
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OBJECTS,  DEVELOPMENT,  AND  RESULTS  OF  THE  WORK  OF 
COLLECTING  WELL  RECORDS  AND  SAMPLES. 


By  Mtron  L.  Fuller. 


The  information  relating  to  borings  must  generally  be  gathered 
when  the  well  is  being  sunk  or  not  at  all.  Many  drillers  keep  records 
when  the  work  is  going  on,  but  in  the  majority  of  cases  these  are  soon 
lost.  If  the  driller  continues  work  in  a  single  locality  he  soon  comes 
to  know  perfectly  the  main  points  of  the  succession  of  the  rocks  and 
keeps  no  records,  often  even  throwing  away  his  earlier  ones.  In 
other  cases  he  may  remove  to  other  regions,  and,  having  no  further 
personal  interest  in  the  original  locality,  the  early  records  are  lost  or 
destroyed.  Only  the  larger  operators  keep  permanent  records  of  their 
wells.  For  these  reasons  the  effort  is  now  being  made  by  the  Survej- 
to  secure  the  record  at  the  time  of  drilling  and  to  supplement  it  where- 
ever  possible  by  actual  samples,  which  will  be  tiled  and  made  perma- 
nently accessible  for  use  whenever  questions  arise  regarding  the  mate- 
rials encountered. 

IMPORTANCE  OF  ACCURATE  WELiL.  RECORDS. 

The  knowledge  of  conditions  beneath  the  surface,  whether  sought 
by  the  driller,  the  mining  engineer,  or  the  geologist,  must  be  obtained 
either  from  surface  observations  of  rock  outcrops  or  from  artificial 
sections  afforded  by  mine  or  other  shafts,  inclines,  tunnels,  and  borings. 
By  systematic  observations  upon  the  character  of  the  rocks  over 
extended  areas  and  the  determinations  of  their  inclination  (dip)  and 
their  line  of  outcrop  on  level  surfaces  (strike),  the  trained  observer  is 
able  to  calculate  more  or  less  accurately  the  thickness  of  the  beds, 
their  depth  below  the  surface,  their  structure,  and  to  a  certain  extent 
their  character  as  regards  the  occurrence  of  gas,  oil,  brine,  or  fresh 
water,  especially  the  latter.  The  thickness  and  composition  of  rocks, 
even  of  the  same  bed,  are  not  constant,  but  undergo  changes,  often 
considerable  in  amount  and  taking  place  within  short  distances.  These 
changes  are  frecjuently  of  great  importance  in  their  effect  upon  the 
occurrence  of  the  products  named.  Where  the  rocks  are  at  the  surface 
the  changes  can  be  easily  recognized,  but  when  below  the  surface  onl}' 
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the  shaft  or  drill  can  determine  the  occurrence  and  nature  of  the 
changes  in  question. 

The  shaft  is  of  immense  value  in  restricted  areas,  but  it  is  the  widely 
distributed  and  often  deep  borings  that  afford  information  in  regard 
to  the  broader  features  of  interest  to  the  driller,  to  the  operator  in 
search  of  oil,  gas,  or  brines,  and  to  manufacturers  and  others  seeking 
artesian  waters. 

The  importance  of  accumte  records  of  borings  was  early  recognized 
by  the  more  enterprising  of  the  drillers  and  by  certain  companies 
operating  in  oil  and  gas,  and  the  success  of  such  drillers  and  operators 
has  been  to  a  considerable  extent  due  to  their  recognition  of  the 
importance  of  the  precise  information  afforded  by  the  borings,  their 
insistence  that  records  be  kept,  and  their  attention  to  other  similar 
details,  minor  in  themselves  but  often  sufficiently  important  in  the 
aggregate  to  make  the  difference  between  failure  and  success.  It  is 
probable  that  there  is  now  not  one  successful  operator  on  a  large  scale 
who  does  not  require  the  keeping  of  at  least  partial  records. 

Among  the  many  ways  in  which  well  records  are  of  value  the  fol- 
lowing may  be  mentioned:  To  the  oil  and  gas  driller  they  furnish 
information  as  to  (1)  the  best  point  for  locating  the  well,  (2)  the  depth 
of  the  supposed  productive  bed,  (3)  the  character  of  the  material  to  be 
penetrated,  (4)  the  amount  of  water  which  will  be  encountered,  (5)  the 
amount  of  casing  required,  and  (6)  the  limit  of  depth  to  which  it  is 
desirable  to  drill.  To  the  owners  of  such  wells  information  as  to  each 
of  the  foregoing  points,  especially  those  affecting  the  cost  of  the  wells, 
is  furnished  by  the  records,  in  addition  to  which  data  relating  to  still 
more  important  factors,  namely,  those  of  quantity  and  quality  of  sup- 
plies, are  furnished.  In  the  case  of  drillers  and  owners  of  water  wells 
the  same  information  is  supplied,  but  here  the  items  affecting  the  cost 
are  of  increased  importance  owing  to  the  lower  value  of  the  product, 
and  questions  of  head,  quantity,  and  quality  of  supply  again  come  to 
the  fore.  To  prospective  owners  records  show  the  results  obtained 
by  others  and  the  probabilities  of  success  of  new  ventures,  while  to 
the  geologist  they  are  of  value  in  assisting  him  to  a  more  thorough 
understanding  of  the  geology,  which  in  turn  enables  him  to  more 
intelligently  answer  the  numerous  questions  constantly  referred  to 
him  by  drillers,  well  owners,  and  others. 

A  more  detailed  statement  concerning  the  uses  of  records  is  given 
in  the  following  paragraphs,  with  the  view  of  presenting  their  benefits 
more  fully  to  those  drillers  and  owners,  especially  the  smaller  oper- 
ators, who  do  not  have  the  facilities  of  the  larger  companies  for  col- 
lecting and  preserving  their  own  records,  but  who  by  furnishing 
information  can  assist  the  Survey  to  a  knowledge  of  the  various 
regions,  and  thus  enable  it  in  turn  to  give  them  the  benefit  of  the 
results  of  the  studies  of  its  geologists. 
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VALUE  OF  WELL  RECORDS  TO  THE  DRILLER  FOR  OIL  AND  GAS. 

The  contractor  or  driller  for  oil  or  gas  is  often  called  upon  to  sink 
wells  in  regions  wholly  unfamiliar  to  him.  Among  the  questions 
which  will  arise  are  the  following:  (1)  What  is  the  depth  of  the  sup- 
posed oil-  or  gas-bearing  rock?  (2)  What  is  the  character  of  material 
to  be  penetrated  before  reaching  it?  (3)  At  what  depths,  in  what 
amounts,  and  of  what  quality  can  water  for  the  boilers  be  obtained  ? 
(4)  What  is  the  depth  of  water  seams  which  must  be  cased  off?  (5) 
What  are  the  character,  depth,  and  thickness  of  rock  which  will 
require  casing  to  prevent  caving,  if  any?  (6)  At  what  depth  and  in 
what  rock  is  it  advisable  to  stop  drilling  in  case  of  failure  to  strike  oil 
or  gas  at  the  expected  point?  (7)  At  what  depths  will  minor  shows 
of  oil  and  gas  be  encountered  ?  In  case  the  conti-actor  or  driller  is 
required  to  select  the  spot  for  drilling,  another  question  will  arise: 
(8)  At  what  point  is  the  structure  most  favorable  for  the  occurrence 
of  oil  and  gas? 

A  certain  amount  of  this  information  can  be  obtained,  as  has  been 
pointed  out,  by  observation  of  the  character,  dip,  and  strike  of  the 
rocks  exposed  at  the  surface.  Other  data,  especially  those  relating  to 
the  occurrence  of  water,  to  caving  rock,  and  to  the  depth  at  which  it  is 
advisable  to  stop  drilling,  are  best  derived  from  records  of  borings. 
These  need  not,  however,  be  necessarily  in  the  immediate  vicinity,  for 
a  geologist  or  a  driller  with  a  practical  working  knowledge  of  the 
simpler  principles  of  geology  can  combine  the  observations  afforded 
by  surface  outcrops  with  records  of  borings  at  a  distance,  and  intelli- 
gently predict  the  conditions  in  the  intervening  area. 

Depth  of  productive  rock. — The  depth  to  the  productive  rock  is  of 
great  importance  as  affecting  the  success  of  a  well.  For  a  shallow  well 
a  relatively  light  outfit  can  be  used,  but  for  deeper  borings  heavy  and 
more  costly  machinery  and  rigs  are  required.  These,  with  increased 
cost  of  fuel,  outfit,  casing,  and  greater  difficulty  of  manipulation,  make 
the  cost  of  a  well  increase  rapidly  with  depth.  The  amount  of  oil  or 
gas  which  would  give  a  good  profit  on  the  investment  required  for  a 
1,000-foot  well  might  not  be  sufficient  to  warmnt  the  sinking  of  a 
3,000.foot  well. 

It  is  apparent,  therefore,  that  as  close  an  estimate  of  the  depth  as 
possible  should  be  made  before  starting  to  drill.  This  may  in  some 
cases  be  determined  more  or  less  satisfactorily  by  observation  of  the 
distance  of  the  well  from  the  outcrop  of  the  rock  and  determina- 
tion of  the  direction  and  amount  of  the  dips  at  the  outcrop  and  in  the 
area  intervening  between  it  and  the  well,  but  in  many  instances  the 
outcrop  is  several  score,  if  not  hundreds,  of  miles  from  the  well,  and 
there  are  many  irregularities  of  dip  and  changes  of  thickness  of  the 
rocks  in  the  intervening  area,  all  of  which  serve  to  make  computations 
from  surface  data  difficult  and  unreliable. 
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On  the  other  hand,  deep  drilling  has  been  so  extensively  conducted 
in  this  country,  especially  in  the  E^t,  that  there  are  very  few  regions 
of  any  extent  that  do  not  have  one  or  more  deep  borings.  These  fur- 
nish, where  the  data  have  been  preserved,  our  best  evidence  of  under- 
ground conditions,  and,  combined  with  surface  observations,  form  a 
basis  for  predicting  the  materials  to  be  encountered  in  new  borings. 
Where  there  are  a  number  of  borings  they  afford  accurate  data  for 
the  calculation  of*  dip,  which  as  determining  structure  becomes  an 
all-important  factor  in  oil  and  gas  operations.  This  is  an  especially 
important  feature  in  regions  where,  as  in  much  of  Ohio,  the  rocks  are 
buried  by  hundreds  of  feet  of  drift  and  are  nowhere  exposed  to  view 
at  the  surface.  Two  wells  of  known  elevations  and  penetrating  a  bed 
at  known  depths  are  sufficient  to  establish  the  dip  in  such  regions  with 
greater  accuracy  than  if  outcrops  were  present  and  served  as  a  basis 
for  the  determination.  With  distances  and  the  amount  and  direction 
of  dip  known  the  depth  can,  as  has  already  been  indicated,  be  readily 
predicted  at  a  given  point.  Without  borings  this  would  often  be. 
impossible. 

Character'  of  material. — Of  almost  as  much  importance  as  the  depth 
of  a  well  is  the  character  of  the  material  penetrated.  On  it  depends 
the  nature  of  the  process  of  drilling  employed.  In  the  soft  material 
of  the  Coastal  Plain,  as  in  parts  of  Alabama,  Mississippi,  and  Louisiana, 
driving,  jet,  and  rotary  processes,  either  singly  or  in  combination,  are 
used,  but  none  of  these  are  suitable  for  rock  work.  If,  therefore,  a 
very  hard  bed  is  to  be  penetrated  another  type  of  outfit  must  be  pro- 
vided. The  character  of  the  tools  and  the  rig  itself  must  also  be 
adapted  to  the  nature  of  the  material  to  be  penetmted.  In  rock  the 
i*ate  of  drilling  varies  from  a  few  inches  in  the  harder  limestones  to 
over  100  feet  a  day  in  certain  shales;  hence,  in  contracting  for  a  well, 
knowledge  of  the  character  of  the  various  beds  and  of  their  thickness 
is  of  the  greatest  value. 

As  already  intimated,  important  variations  in  the  character  and  thick- 
ness of  the  beds  may  take  place  underground  without  there  being  at  the 
surface  any  evidence  of  the  changes,  and  while  it  is  possible  to  judge, 
to  a  certain  extent,  of  the  chamcter  of  the  beds  beneath  the  surface 
from  their  more  or  less  distant  outcrops,  by  far  the  most  accumte 
information  is  that  afforded  by  the  borings  in  the  same  or  adjacent 
regions. 

Water  supplies. — When  wells  are  located  in  valleys,  or  in  thickly 
settled  districts,  water  for  boiler  use  can  usually  be  obtained  from 
streams  or  the  wells  ef  near-by  houses.  In  many  of  the  oil  fields, 
where  the  wells  are  frequently  located  upon  the  sides  or  tops  of  hills 
or  mountains,  the  question  of  boiler  supplies  is  important,  and  small, 
separate  wells  are  often  drilled  for  this  supply.  Beyond  the  ability  of 
the  rock  to  hold  water,  as  indicated  by  its  texture,  little  is  shown  by 
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the  surface  outcrop.  Nothing  as  to  crevices,  joints,  local  sandy  beds, 
etc.,  on  which  so  much  depends,  is  indicated.  All  this  can  be  finally 
determined  only  by  the  drill.  In  this  case  a  single  boring,  unless  in 
the  immediate  vicinity  of  the  proposed  new  well,  will  pot  afford  an 
absolute  indication  of  the  conditions,  but  from  a  considerable  number 
sunk  in  the  same  kind  of  rock  an  average  is  obtained  which  shows  the 
predominating  conditions  characterizing  the  bed.  This  is  especially 
true  of  the  quality  of  the  water,  which  will  vary  greatly  in  different 
localities,  often  without  any  reference  to  conditions  discoverable  at  the 
surface. 

Ciising  off  water, — Among  the  factors  affecting  the  sinking  of  a  well 
is  the  occurrence  of  water  in  quantities  necessitating  casing  it  off. 
This  is  of  importance  in  determining  the  amount  of  casing  necessary 
and  its  cost,  and  in  determining  the  size  of  the  original  hole  in  case  it 
is  anticipated  that  several  horizons  at  some  distance  from  one  another, 
each  of  which  may  involve  a  reduction  of  the  size  of  the  casing,  will 
be  encountered.  As  in  the  case  of  the  water  supplies  discussed  in  the 
preceding  paragraph,  the  most  satisfactory  information  is  that  fur- 
nished by  the  records  of  adjacent  wells. 

Casing  off  "cam^"  rock. — In  many  of  the  older  wells  in  the  softer 
rocks,  especially  in  shales,  much  trouble  was  experienced  by  the  walls 
of  the  hole  caving  and  stopping  up  the  bore.  This  difficulty  will  be 
recalled  by  those  familiar  with  the  history  of  the  old  Dunkard  Creek 
field,  in  southwestern  Pennsylvania,  where  many  of  the  wells  sunk 
without  casing  were  ruined  by  the  caving  of  the  walls.  Even  now  that 
the  caving  is  easily  preventable  by  proper  casing,  a  knowledge  of  the 
depths  and  thicknesses  of  troublesome  beds  is  of  importance  in  deter- 
mining in  advance  the  questions  relating  to  casing  and  its  effect  on  the 
cost  of  the  well.  This  information  is  best  furnished  by  records,  as  in 
the  case  of  the  water  horizons  already  discussed. 

Limits  of  depth, — Nothing  can  be  further  from  the  truth  than  the 
common  fallacy  that  oil,  gas,  water,  or  whatever  the  driller  may  be 
in  search  of,  can  be  had  if  the  hole  is  only  drilled  deep  enough.  In 
unaltered  porous  rocks  oil  and  gas  may  occur,  within  certain  limits, 
regardless  of  depth;  but  all  rocks,  of  whatever  character,  if  buried, 
deep  enough,  especially  if  subjected  to  the  powerful  compression 
incident  to  the  formation  of  mountains,  become  altered  through  the 
influence  of  heat  and  pressure,  often  into  more  or  less  crystalline 
maases.  In  such  rocks  the  volatile  substances,  such  as  the  h^^drocar- 
bons,  are  expelled  and  it  is  useless  to  look  in  them  for  deposits  of  oil 
or  gas.  It  is  also  useless  to  seek  for  oil  in  rocks  of  igneous  origin — 
that  is,  those  which  have  once  been  molten -for  the  conditions  of  their 
formation  are  such  as  to  preclude  the  formation  or  retention  of  oil  or 
similar  substances.     Nevertheless,  wells  have  not  infrequently  been 
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sunk  into  such  rocks  in  search  of  oil,  but  the  uselessness  of  this  is 
apparent  to  those  who  have  noted  the  records  of  similar  wells  else- 
where, as  well  as  to  geologists  and  others  who  understand  the  nature 
of  the  rocks.  The  value  of  accurate  records  in  indicating  the  depth  at 
which  it  is  advisable  to  stop  drilling  will  be  manifest  in  those  cases 
where  altered  or  igneous  rocks,  as  described  above,  are  encountered, 
and  in  general  the  logs  of  the  deeper  borings  are  of  great  value  in 
showing  the  conditions  to  be  expected  at  great  depths. 

Oil  and  gas  shmcs, — In  drilling,  especially  where  the  well  is  being 
sunk  to  a  known  producing  sand,  small  shows  of  oil  or  a  little  gas  are 
often  encountered  and  passed  through  without  much  attention  being 
paid  to  them.  Probably  many  instances  have  occurred  where  valuable 
flows  have  been  cased  off,  but  one  or  two  examples  will  suffice.  In 
the  region  southwest  of  Olean,  N.  Y.,  on  the  outskirts  of  the  Bradford 
oil  field,  the  early  wells  were  all  sunk  to  the  Bradford  sand,  at  a  depth 
of  1,000  feet  or  so  below  the  valleys.  In  some  instances  shows  of  oil 
were  noted  at  a  certain  depth,  but  were  cased  off  without  it  being  sus- 
pected that  a  producing  sand  was  present  above  the  Bradford.  Later, 
when  the  Bradford  supplies  ran  low,  it  was  shown  that  the  sand  at  the 
upper  oil  show  could  be  developed  into  a  producer,  now  known  as  the 
Chipmunk  sand.  Where  accurate  records  had  been  preserved,  the 
casing  of  the  old  wells  was  locally  removed  and  both  sands  drawn  upon; 
but  where  because  of  lack  of  records  this  could  not  be  done,  new  wells 
had  to  be  sunk,  at  an  aggregate  cost  of  many  thousands  of  dollars. 
Similarly,  in  the  Bellevernon  and  other  gas  fields  in  southwiestern 
Pennsylvania  gas  flows  which  would  now  >)e  of  great  valuer  were  cased 
off  in  the  old  days  of  high  pressure.  Where  accui*ate  records  have 
been  kept,  these  can  be  utilized  by  removing  the  casing  in  the  old  wells, 
but  otherwise  new  wells  must  be  drilled. 

Structure. — It  has  been  many  years  since  the  anticlinal  theory  of  oil 
and  gas  was  proposed.  This  theory  postulated  the  axis  of  the  anticline 
or  crest  of  the  rock  arch  as  the  most  favorable  point  for  the  occurrence 
of  gas,  while  oil  and  salt  water  should  be  successively  encountered  in 
going  outward  from  the  crest.  While  all  anticlines  do  not  afford  oil 
or  gas,  and  while  oil  is  often  found  under  somewhat  different  condi- 
tions, as  at  the  point  just  above  where  a  steep  dip  changes  to  flat  (at 
the  top  of  the  rock  step,  as  it  were),  the  general  principle  involved  in 
the  theory  has  not  been  affected.  On  the  contmry,  almost  every  dis- 
trict, when  closely  investigated,  is  shown  to  agree  with  these  princi- 
ples, so  that  at  the  present  time  the  problems  of  rock  structure  are  as 
important  as  they  ever  have  been  in  the  history  of  drilling  for  oil  and 
gas.  In  no  way  can  the  structure  be  determined  so  satisfactorily  and 
with  such  accuracy  as  by  wells  or  boring  records. 
Bull.  264—05 2 
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VALUE  OF  RECORDS  TO  OWNERS  OF  OIL  AND  GAS  WELLS. 

The  statements  which  have  been  made  in  regard  to  the  benefit  of 
accurate  records  to  drillers  for  oil  and  gas  apply  with  added  force  to 
the  owners  of  wells,  for  the  ultimate  cost  of  the  wells  must,  in  nearly 
every  instance,  fall  upon  them  leather  than  upon  the  drillers  or  con- 
tractors. The  structure,  as  determining  the  most  favorable  points 
for  drilling,  the  depth  of  the  producing  rock,  the  character  of  the 
materials  to  be  penetrated,  the  available  water  supplies,  the  casing 
required  to  shut  off  undesirable  water  and  to  support  "cave"  rock, 
and  the  supply  obtainable  are  all  of  the  greatest  importance  in  deter- 
mining the  success  or  failure  of  a  well.  As  has  been  pointed  out, 
this  information  is  best  afforded  by  records  of  adjacent  wells,  and  the 
operator  will  practically  always  make  inquiries  in  regard  to  adjacent 
wells  before  beginning  his  own.  Frequently  these  wells  will  be  found 
to  have  been  drilled  many  years  ago  and  the  records  lost.  It  is  to 
prevent  such  loss  and,  instead,  to  make  the  information  permanently 
available  that  the  work  of  collecting  records  and  samples  has  been 
undertaken  by  the  Survey. 

VALUE   OF  RECORDS  TO   DRILLERS   OR   OWNERS   OF  WATER 

WELLS. 

In  the  same  way  that  records  are  of  value  to  oil  and  gas  operators 
they  are  of  benefit  to  drillers  or  owners  of  water  wells.  The  question 
of  the  depth  of  the  water-bearing  rock,  for  instance,  is  of  even  greater 
importance  than  that  of  the  oil  or  gas  sands,  because  of  the  relatively 
low  value  of  the  water  as  compared  with  oil  or  gas.  With  crude 
petroleum  at  $1.50  a  barrel  a  supply  of  only  a  few  barrels  a  day  will 
give  a  profit  on  the  investment  required  for  a  well  of  2,000  or  more 
feet  deep,  while  many  hundred  barrels  of  water  are  required  to  make 
even  a  much  shallower  well  profitable.  Moreover,  for  many  manufac- 
turing uses  the  supply  must  reach  a  certain  minimum,  representing  the 
amount  needed  for  the  processes  involved,  in  order  to  be  of  any  value 
whatever,  while  oil,  if  present  in  quantities  greater  than  a  mere  show, 
can  generally  be  successfully  utilized. 

The  great  importance  of  obtaining  water  supplies  at  a  moderate 
depth  will  be  seen  when  it  is  remembered  that  among  the  competitors 
of  any  manufacturing  establishment  there  will  always  be  some  who 
will  be  able  to  obtain  abundant  supplies  of  the  be^^t  (juality  at  almost 
no  cost  above  that  of  pumping.  In  such  instances  the  success  or  fail- 
ure of  an  enterprise  may  depend  on  obtaining  good  water  at  a  slight 
depth.  The  character  of  the  material  to  be  penetrated  and  the  amount 
of  casing  are  prominent  items  in  the  cost  and,  therefore,  largely  deter- 
mine the  success  or  failure  of  a  well.     Other  elements,  such  as  head, 
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volume,  permanency,  and  quality  of  the  supply,  become  of  great 
importance,  for  on  them  depend  the  uses  to  which  it  may  be  put. 

Upon  the  head,  for  instance,  depends  the  height  to  which  the  water 
will  rise,  thus  determining  whether  or  not  pumping,  with  its  attend- 
ant expense  for  outfit,  fuel,  and  labor,  will  be  necessary,  while  the 
obtaining  of  water  in  sufficient  volume,  or  of  a  certain  quality,  may,  as 
has  been  pointed  out  above,  determine  the  ability  of  a  manufacturer 
to  cope  with  competitors,  or  even  the  very  existence  of  an  industry  in 
a  given  locality.  The  probability  of  success  can,  in  many  instances, 
be  foretold  in  advance  where  records  in  surrounding  regions  are 
available.  The  importance  of  this  knowledge  has  been  long  appre- 
ciated by  those  interested  in  obtaining  supplies  for  industrial  pur- 
poses or  for  the  boilers  of  manufacturing  establishments  or  railroad 
locomotives. 

Wells  have  for  many  years  been  of  great  importance  as  a  source 
of  water  for  irrigation  at  many  points  in  the  West,  and  recently  they 
have  been  extensively  utilized  in  the  cultivation  of  rice  in  Louisiana 
and  other  States  of  the  Gulf  and  Atlantic  coastal  plains.  In  such 
regions  the  information  and  records  afforded  by  the  pioneer  wells  as 
to  the  depth  and  cost  of  wells,  quantity  and  quality  of  water,  etc., 
have  likewise  proved  of  much  value. 

Another  important  class  of  people  benefited  are  those  interested  in 
the  development  of  mineral  waters  for  bathing,  sanitariums,  and 
resorts,  or  for  the  purposes  of  bottling  for  table  or  medicinal  uses. 
The  depths,  quantity,  composition,  and  temperature  are  all  most  sat- 
isfactorily afforded  by  records  supplemented  by  the  analyses  which 
are  usually  made  soon  after  the  well  is  completed  and  which,  like  the 
records,  are  often  soon  lost. 

Records  of  adjacent  wells  may,  in  cases,  be  of  great  benefit,  especially 
to  owners  in  furnishing  a  check  on  statements  as  to  the  occurrence  of 
water  horizons,  depth  to  rock,  amount  of  casing,  total  depth  of  well, 
etc.,  all  of  which  are  sometimes  misstated  when  contracts  have  been 
let  for  a  specified  sum  per  foot  or  which  have  been  inaccurately 
reported  because  of  failure  to  keep  proper  records.  They  also  afford 
a  basis  of  comparison  as  to  conditions  with  more  successful  or  less 
successful  wells  of  the  locality,  and  frequently  give  a  clue  to  the 
cause  of  failure  or  of  variations  from  the  normal  wells. 

In  many  regions  the  surface  wells  gradually  fail  because  of  the 
deforesting  of  the  land  or  its  drainage  by  ditches,  and  it  may  become 
necessary  to  sink  deep  into  the  rock  for  a  permanent  supply.  All 
rocks  do  not  yield  water,  while  in  some  yielding  abundant  supplies 
the  water  carries  too  much  mineral  matter  for  ordinary  use.  It  is  in 
such  regions  that  records,  affording  a  basis  for  predicting  results,  are 
of  special  value. 
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IMPORTANCE  OF  RECORDS  TO  GEOLOGISTS. 

To  the  geologist  records  are  of  value  from  both  the  practical  and 
the  scientific  standpoints.  Problems  are  submitted  almost  daily  by 
drillers  and  by  present  or  prospective  well  owners  in  regard  to  the 
occurrence  of  oil,  gas,  or  water.  Where  he  can  visit  the  field  he  can, 
as  already  indicated,  work  out  the  general  features  of  structure  and 
character  and  thickness  of  beds,  and  can  make  certain  generalizations 
as  to  the  occurrence  of  water  and  in  some  cases  of  oil  and  gas;  but  he 
can  not  give  more  precise  information  without  a  knowledge  of  the 
changes  which  the  beds  undergo  beneath  the  surface,  and  these  are 
best  afforded  by  well  sections. 

The  occurrence  of  oil  and  gas  is  shown,  as  accurate  investigation 
proceeds,  to  be  more  and  more  dependent  upon  structure,  which  term 
is  here  used  in  a  broad  sense  to  include  both  theattitude  of  the  rocks 
and  the  changes  in  extent,  thickness,  or  texture  which  they  may 
undergo  from  point  to  point,  and  the  same  holds  to  an  even  greater 
extent  in  regard  to  artesian  waters.  Combining  well  records  with  sur- 
face observations,  the  geologist  is  able  to  locate  the  anticlines,  synclines, 
flats,  etc.,  so  important  in  their  bearing  on  the  oc<;urrence  of  oil  and 
gas,  to  determine  similar  structures  governing  the  occurrence  of  arte- 
sian waters  and  regulating  their  head,  to  predict  the  character  of  the 
material  to  be  penetrated,  to  fix  the  depth  of  the  producing  horizon, 
and  in  the  case  of  water  to  estimate  the  approximate  volume  to  be 
obtained. 

From  the  scientific  standpoint  records  and  samples,  especially  where 
the  latter  include  fossils,  aid  the  geologist  to  a  better  understanding 
of  the  age  and  succession  of  the  rocks,  assist  him  in  the  correlation  of 
identical  or  equivalent  beds  in  remote  localities,  and  enable  him  to 
work  out  the  details  of  structure  and  history,  all  of  which  furnish  a 
basis  for  conclusions  which  are  of  much  benefit  to  the  driller  or  well 
owner. 

WORK  OF  COIiLiECTING  WEL.L.  RECORDS  AND  SAMPIiES. 

ORGANIZATION. 
EARLT   COLLECTION   OF   RECORDS. 

Ever  since  the  organization  of  the  Survey  the  collection  of  records 
as  an  aid  to  the  study  of  geology  has  formed  an  incidental  part  of  the 
work  of  the  geologist  in  the  field,  but  since  the  beginning  of  the  pre- 
cise stratigraphic  and  structural  work  of  recent  years  the  collection 
of  records  has  become  an  important  part  of  the  Survey's  work  in  cer- 
tain regions.  The  vast  majority  of  wells,  especially  in  Pennsylvania, 
were  sunk  a  number  of  years  ago,  but  fortunately  many  records  have 
been  preserved.  These  were  carefully  collected  by  the  geologists  in 
the  individual  localities. 
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PROPOSED  SECTION   OF  OIL  AND  GAS   (1902). 

The  collection  of  records  finally  became  so  important  that  it  was 
thought  that  a  section,  organized  for  the  purpose  of  collecting  them  in 
connection  with  a  study  of  the  oil  and  gas  fields,  might  be  organized  to 
advantage,  and  an  outline  plan  for  such  a  section  was,  at  the  request 
of  Mr.  M.  R.  Campbell,  submitted  to  the  geologist  in  charge  of 
geology  April  28,  1902,  by  the  present  writer.  The  following,  is  an 
extract  from  this  plan: 

In  the  prosecution  of  the  work  of  areal  mapping,  and  in  the  determination  of  the 
Btructare  of  the  areas  surveyed  by  Mr.  [M.  R.]  Campbell  and  members  of  his  party 
in  Pennsylvania  and  Indiana,  it  haa  become  apparent  that  great  importance  is  to  be 
attached  to  the  information  which  may  be  derived  from  the  deep  borings  for  oil  and 
gas. 

As  has  been  pointed  out  by  Mr.  Campbell,  it  is  generally  only  in  increased  details 
of  outcrop,  made  possible  by  accurate  topographic  maps,  and  more  especially  in  the 
greater  refinement  in  structural  details,  that  improvement  has  been  made  upon  the 
detailed  work  of  the  earlier  surveys  in  the  region  mentioned.  Engineers,  coal  opera- 
tors, and  oil  and  gas  men  with  whom  the  geologists  have  come  in  contact  and  who 
have  learned  of  the  nature  of  the  structural  work  which  is  now  being  undertaken, 
have  almost  invariably  shown  a  marked  interest  in  what  is  being  accomplished  and 
have  fully  appreciated  its  value  to  them  as  practical  men. 

Already  many  errors,  some  of  them  very  grave,  have  been  found  in  the  structural 
work  of  the  Second  Survey  of  Pennsylvania.  Supposedly  continuous  folds  have 
been  found  in  reality  to  consist  of  a  series  of  short  disconnected  ellipsoid  domes  and 
canoe-shaped  troughs,  and  marked  by  frequent  irregularities  and  by  noticeable  offsets 
at  their  terminations.  Others  have  been  shown  to  vary  at  angles  as  high  as  60°  or 
more  from  the  positions  previously  determined,  and,  in  fact,  everywhere  abound  in 
un8U8pecte<l  relations.  The  once  famous  oil  fields  west  and  northwest  of  Bradys 
Bend  on  the  Allegheny  River  have  previously  been  thought  to  have  no  relation  to 
structure,  but  have  now  been  proved  to  have  a  very  close  and  definite  relation  to  it, 
a  fact  that  should  be  of  great  value  in  the  drilling  for  the  Speechley  oil  sand  which 
is  now  going  on,  and  in  the  drilling  of  gas  wells,  which,  following  the  recent  revival 
of  activity,  are  fast  becoming  of  great  importance  in  this  and  other  regions. 

The  determination  of  the  minor  but  important  details  of  structure  is  dependent  (1) 
upon  information  afforded  by  mines,  (2)  upon  observation  and  correlation  of  natural 
outcrops,  and  (3)  upon  information  afforde<l  by  deep  wells.  The  first  is  available 
only  in  synclines  containing  workable  coals.  The  second  is  of  little  value  in  many 
localities  because  of  the  general  absence  of  distinctive  characteristics  over  broa«^l  areas 
and  through  considerable  vertical  ranges  of  the  Devonian  and  Carboniferous  rocks, 
not  only  in  Pennsylvania  and  Indiana,  but  in  many  other  of  the  areas  where  these 
ro(;ks  occur.  In  such  regions  the  oil  and  gas  wells  have  frequently  furnished  the  only 
reliable  data  for  the  determination  of  the  structural  details. 

The  growing  disposition  on  the  part  of  the  States  to  cooperate  with  the  United 
States  Geological  Survey  makes  it  somewhat  probable  that  work  similar  to  that 
now  going  on  in  Pennsylvania  will  at  no  very  distant  date  be  undertaken  at  other 
points,  where  presumably  similar  conditions  will  prevail  and  similar  results  be 
expecUnl  and  required. 

The  great  value  of  well  records  in  his  work  in  Pennsylvania  was  fully  appreciated 
by  Mr.  Campl)ell,  and  considerable  amounts  of  time  were  devote<l  both  by  him  and 
by  myself  to  the  collection  of  such  records.  Some  1,500  were  obtained  in  1901. 
It  has  become  apparent,  however,  that  to  carry  out  the  collection  of  records  to  the 
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extent  desirable,  and  especially  to  properly  file  and  catalogue  them  so  as  to  be 
readily  available,  is  impracticable  with  the  present  force.  This,  in  addition  to  the 
advisability  of  collecting  and  publishing  this  information  (which  seems  likely  to  be 
of  considerable  economic  value),  has  led  Mr.  Campbell  to  suggest  to  me  that  I  place 
before  you  the  question  as  to  the  advisability  of  employing  or  assigning  some  geolo- 
gist or  other  person  who  can.  devote  the  whole  or  a  laige  part  of  his  time  to  the 
work,  and  Who  should  be  given  charge,  under  your  supervision,  of  the  work  relating 
to  oil  and  gas. 

Some  of  the  duties  that  might  be  expected  to  devolve,  in  whole  or  in  part,  upon 
an  assistant  geologist  or  geologist  in  charge  of  oil  and  gas  are  as  follows: 

1.  To  consult  with  other  geologists  and  with  hydrographers  and  topographers  with 
the  view  of  collecting  and  filing  information  relating  to  deep  borings  for  oil  and  gas 
obtained  by  the  various  field  parties  of  the  Survey. 

2.  To  obtain  representative  records  and  information  as  to  structure  of  all  pools  as 
far  as  possible. 

3.  To  collect  and  file  samples  of  oil-  and  gas-bearing  rocks,  together  with  other 
characteristic  beds  encountered,  as  far  as  feasible. 

4.  To  gather  together  published  records  and  all  available  unpublished  records  as 
far  as  practicable,  and  to  file  them  in  the  form  of  card  catalogues  which  will  be  avail- 
able to  the  members  of  the  Survey  at  all  times. 

5.  To  prepare  a  bibliography  of  all  oil  and  gas  papers  which  have  appeared  in 
scientific  publications  and,  as  far  as  practicable,  those  which  have  appeared  in  trade 
journals  up  to  and  including  1900. 

6.  To  keep  a  bibliographic  catalogue  of  all  oil  and  gas  papers  which  have  appeared 
since  1900  in  both  scientific  and  trade  journals. 

7.  To  review  oil  and  gas  periodicals  and  to  keep  records  of  developments  and 
progress. 

8.  To  keep  a  general  index  map  showing  the  location  of  the  oil  and  gas  fields 
throughout  the  United  States. 

9.  To  keep  State  or  county  maps  or  topographic  maps  of  the  Survey,  where  avail- 
able, to  show  the  details  of  the  various  fields  and  pools  of  oil  and  gas. 

10.  To  prepare  geologic  columnar  sections  for  each  pool  as  far  as  possible. 

11.  To  prepare  digests  of  structure  for  each  pool  as  far  as  possible. 

12.  To  keep  a  catalogue  of  all  sands  and  their  character  and  geologic  positions  as 
far  as  known. 

13.  To  prepare  correlation  tables  of  the  various  sands  where  the  information  is 
available. 

14.  To  visit  new  fields  and  investigate  the  geology  and  determine  the  structure, 
running  levels  where  necessary. 

15.  To  visit,  collect  records,  and  prepare  reports  on  the  oil  and  gas  in  quadrangles 
and  districts  where  it  is  not  practicable  for  the  geologist  in  charge  to  give  his  personal 
attention  to  the  problem. 

16.  To  furnish  other  geologists  with  all  information  as  to  stratigraphy,  structure, 
etc.,  which  is  afforded  by  the  samples  and  by  the  records  and  other  information 
on  file. 

17.  To  answer  inquiries  of  operators,  etc.,  regarding  structure  and  other  points 
relating  to  oil  and  gas  as  far  as  possible,  without  divulging  confidential  information. 

18.  To  publish  immediately  in  trade  journals  summaries  of  the  geological  knowl- 
edge of  the  regions  of  newly  discovered  pools. 

19.  To  publish  in  Survey  publications  from  time  to  time  detailed  reports  of  the 
development,  structure,  and  general  geology  of  new  pools  or  the  extensions  of  old 
pools. 

20.  To  prepare  statistics  on  production,  etc.,  for  the  Mineral  Resources,  if  required. 
To  summarize,  the  appointment  or  assignment  of  a  geologist  to  take  charge  of  the 
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oil  and  gas  problems  would  create  a  sort  of  "bureau  of  information"  which  would 
be  of  much  value  to  both  the  operator  and  the  geologist. 

The  gas  production  is  greater  now  than  at  any  time  in  the  past,  and  the  oil  pro- 
duction is  holding  its  ground  fairly  satisfactorily.  It  seems  likely,  therefore,  that 
there  will  be  steady  demand  for  information  for  some  time  to  come,  and  it  is  not 
unlikely  that  an  *'oil  and  gas  division '^  could  be  made  a  division  of  some  importance 
in  the  Survey. 

OROANIZATTON   OF  THE    ''WELL   DIVISION." 

The  lack  of  available  funds  made  it  impossible  to  take  up  the  plan 
as  a  part  of  the  work  of  the  geologic  branch  at  that  time,  but  in 
November  of  the  same  year  a  memorandum  emlxKiying  a  plan  for  a 
proposed  "  well  division  "  was  submitted  to  the  Director  by  Mr.  F.  H. 
Newell.  Under  this  plan  it  was  proposed  to  organize  in  the  hydro- 
graphic  branch  a  division  of  work  devoted  to  wells  and  ground  waters, 
which  should  be  under  the  charge  of  a  geologist  designated  ''chief  of 
the  well  division,"  under  whom  would  be  two  assistant  chiefs,  one  for 
the  eastern  part  of  the  country  and  the  other  for  the  western  part, 
including  the  sixteen  reclamation  States  and  Territories.  It  was 
expected  that  each  would  spend  at  least  four  months  of  the  year  in  the 
Washington  office,  so  that  one  geologist  would  be  constantly  on  duty 
to  attend  to  administrative  work  and  correspondence.  It  was  pro- 
posed to  give  particular  attention  to  a  card  catalogue  of  wells  and  to 
the  compilation  and  filing  of  schedules  relating  to  wells,  which  should 
include  those  drilled  for  oil  and  gas  as  well  as  for  water.  The  cata- 
logue and  other  data  were  to  l>e  available  to  the  entire  Survey,  and 
the  officers  of  the  division  were  to  supply  information  to  drillers  and 
others  requesting  it.  In  addition  to  the  regular  geologists,  it  was 
planned  to  have  an  assistant  in  each  State  to  visit  wells,  study  the 
stratigraphy,  collect  general  information,  and  prepare  detailed  reports 
on  the  geology  in  its  relation  to  the  water  resources,  the  results  of 
which  were  to  be  published  annually  in  progress  reports,  or  as  sepa- 
rate water-supply  papers  in  the  case  of  completed  studies. 

The  memorandum  of  Mr.  Newell  was  referred  to  Dr.  C.  W.  Hayes, 
geologist  in  charge  of  geologj',  who,  in  a  letter  to  the  Director  dated 
November  18,  1902,  expressed  his  agreement  with  Mr.  Newell  as  to 
the  necessity  of  such  an  organized  effort  to  systematically  secure  the 
records  of  wells  being  drilled  for  various  purposes  throughout  the 
country,  but  questioned  the  desirability  of  placing  one  man  in  charge 
of  the  entire  work.  Instead,  a  recommendation  was  made  that  two 
geologists  be  employed,  one  to  be  placed  in  charge  of  the  eastern  sec- 
tion and  the  other  in  charge  of  the  western.  It  was  proposed  that 
the  general  supervision  of  the  work  and  of  the  scientific  portions 
relating  to  water  should  rest  with  the  hydrographic  branch,  while  the 
portions  relating  to  geolog}'  should  be  under  the  similar  supervision 
of  the  geologic  branch. 
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The  letter  contained  a  recommendation  that  the  present  writer  be 
assigned  to  the  charge  of  the  eastern  section,  which  assignment  was 
made  by  the  Director  on  December  23.  To  Mr.  N.  H.  Darton  was 
assigned  the  charge  of  the  western  section. 

WORK  OF  THE   DIVISION   OF  HYDROLOGY  IN   1903. 

The  designation  of  "well  division"  later  gave  place  to  that  of 
*' division  of  hydrology,"  but  without  change  of  scope  of  work.  Plans 
for  collecting  well  records  were  taken  up  immediately  on  the  organiza- 
tion of  the  division.  As  has  been  indicated,  it  was  originally  intended 
to  include  the  collection  of  oil  and  gas  records  with  those  of  water,  but 
because  of  lack  of  available  funds  and  proper  assistance  it  was  neces- 
sary to  confine  attention  entirely  to  water.  For  use  in  connection 
with  the  collection  of  well  data,  forms  for  mailing  to  well  owners  and 
cards  for  filing  the  information  were  prepared.  The  form  for  mail- 
ing has  been  slighth^  modified  from  time  to  time.  The  form  now 
used  is  as  follows: 

8ir:  In  its  study  of  the  water  resources  of  the  United  States,  which  this  Survey  is 
making  with  the  view  of  publishing  the  results  for  the  benefit  of  the  people,  an 
attempt  is  l)eing  made  to  obtain  important  (sLcia  relating  to  wells,  whether  flowing 
or  not.  As  it  is  impracticable  on  account  of  exi)ense  to  visit  all  places,  the  endeavor 
is  made  to  extend  and  complete  the  information  by  correspondence.  If  you  will  aid 
in  this  work  by  furnishing  the  data  requested  in  the  following  list  of  questions  your 
assistance  will  ha  much  appreciated.  If  you  can  not  supply  all  the  data,  kindly 
answer  such  of  the  questions  as  you  can,  a  partial  report  being  much  better  than 
none. 

The  following  inquiry  blank  is  on  the  same  form  with  the  above 
letter: 

1.  Well  is  in County.     The  nearest  post-office  is 

Distance  of  well  from  post-office Direction  from  post-offi<!e 

(Miles.) 

Locate  by  section  if  public-land  surveys  exist:  Township ,  Range , 

iSection ,  Quarter 

If  in  town,  give  street  and  number 

2.  Owner Address 

3.  Driller Address 

4.  Situation  of  well Elevation  is feet the 

(Hill,  slope,  plain,  valley.)  (Above  or  below.) 

level  of 

(Sea,  railroad  8tation,  lake,  river.) 

6.  Type  of  well Year  complete<i Diameter  at 

(Dug,  driven,  boreal,  or  drilled.) 

top At  bottom 

6.  Depth  of  well Does  it  enter  rcM'k? If  so,  at  what  depth? 

7.  Depth  to  principal  water  l)ed Character  of 

water  l)e<i 

((travel.  Hand,  elay,  nn'k,  ete.    If  rook,  state  kind.) 

8.  Were  any  other  water  be<ls  or  seams  found? If  so,  give  depth  of  each 

9.  Give  sizes  and  lengths  of  casing 
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10.  Does  water  flow  at  surface  without  pumping? If  so,  at  what  height 

does  it  now  flow? 

Has  it  been  tested  to  see  how  high  it  will  rise? If  so,  to  what 

height? What  is  its  pressure? 

If  not  flowing,  how  near  surface  does  it  stand  when  highest? 

When  lowest? 

11.  Is  well  pumped? If  so,  by 

what 

(Suction,  deep  well,  or  force  pump,  steam,  ga«oline,  air-lift,  or  windmill.) 

12.  Temperature  of  water  at  well  mouth Month  taken 

Temperature  at  bottom 

13.  Natural  yield,  if  flowing Maximum  yield  by  pumping 

(Qals.  per  min.)  (Qals.  per  mln.) 

water  is  lowered feet  by  pumping. 

(State  number.) 

14.  Has  supply  decreased  or  increased? To  what  due? 

15.  Is  flow  or  clearness  of  water  affected  by  storms,  winds,  etc.? If  so, 

describe 

16.  Quality  of  water — hard,  soft,  salty,  alkaline,  iron,  or  sulphur  bearing 

CJost  of  well Of  pumps 

17.  Is  water  used  for  drinking? Washing? Cooking? 

Stock? Manufacturing? Irrigation? 

If  for  manufacturing  uses,  state  nature If  for  irrigation,  give 

crops  

If  used  for  public  supply,  give  number  of  buildings  and  people  supplied: 

Buildings People 

Is  it  sold? If  so,  for  what  purposes? 

If  used  for  purposes  not  mentioned,  please  name 

18.  Describe  interesting  ])eculiarities  of  well,  if  any,  on  back  of  this  sheet 

19.  Give  record  of  beds  pa»^e<l  Jthrough,  analysis  of  water,  names  of  other  well 

owners  or  drillers  on  back. 
Name  of  person  filling  out  blank 

These  or  similar  circulars  were  distributed  in  Maine,  New  Hamp- 
shire, Vermont,  Rhode  Island,  Connecticut,  New  York,  Georgia,  Flor- 
ida, Mississippi,  Tennessee,  Kentucky,  Arkansas,  Missouri,  Iowa, 
Minnesota,  Wisconsin,  and  Michigan,  and  a  large  numl>er  of  records 
were  obtained,  of  which  about  2,750  were  listed  in  Water-Supply  and 
Irrigation  Paper  No.  102.  The  larger  part  of  the  records  gave  little 
information  as  to  the  strata  penetrated,  although  a  considerable  num- 
l>er  of  detailed  records  were  obtained  from  scattered  localities  and 
published  in  the  paper  mentioned.  The  circulars  described  are  still 
largely  used  to  obtain  data  relating  to  wells  other  than  records  of 
strata  penetrated. 

PRESENT  ORGANIZATTON   OF  THE  WORK. 

In  the  summer  of  1903  it  became  necessary,  in  order  to  make  fine 
distinctions  in  glacial  materials  on  Long  Island,  New  York,  where 
the  geology  and  water  resources  were  under  investigation,  to  col- 
lect samples  from  the  wells  })eing  drilled  on  the  island.  This  work 
of  collecting  samples  was  in  charge  of  Mr.  A.  C.  Veatch.     The  will- 
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ingness  shown  by  operators  and  drillers  to  assist  and  the  value  of  the 
material  obtained  suggested  the  organization  of  a  similar  system  for 
the  entire  country. 

Accordingly,  during  the  fall  of  1903,  Mr.  Veatch  drew  up  an  out- 
line of  a  proposed  system  for  collecting  and  preserving  well  samples, 
which  was  indorsed  by  the  geologists  interested  in  the  keeping  of  rec- 
ords and  samples,  with  the  result  that  it  was  decided  to  take  up  the 
work  as  soon  as  circumstances  should  permit,  which  was  at  the  begin- 
ning of  the  fiscal  year  1904-5. 

The  plan  outlined  by  Mr.  Veatch  for  the  collection  of  well  records 
and  samples  contained  many  points  in  common  with  that  for  the  pro- 
posed ''oil  and  gas  section,"  submitted  by  the  present  writer  in  1902. 
(See  pp.  28-39.)  The  principal  points  of  difference  are  the  inclusion  of 
water  wells  in  the  present  system  and  the  exclusion  of  oil  and  gas  data, 
except  as  they  relate  to  stratigraphy  and  structure  as  shown  by  the 
well  records.  The  items  covered  by  paragraphs  1,  2,  3,  4,  7,  16,  and 
17  of  the  former  plan  are  likewise  covered  by  the  present  work,  while 
it  is  hoped  that  in  the  future  those  mentioned  in  paragraphs  10,  11, 
and  14  will  also  be  included. 

As  the  plan  originated  in  the  division  of  hydrology  the  new  work 
was  assigned  to  it,  about  two-fifths  of  the  expense  being  borne  by  the 
eastern  section  and  the  remainder  shared  equally  by  the  western 
section  of  hydrology  and  the  geologic  branch.  The  oversight  of  the 
work  rests  with  the  chief  of  the  eastern  section,  but  its  inauguration 
was  placed  in  the  hands  of  Mr.  Veatch,  assisted  by  Mr.  E.  F.  Lines, 
by  whom  it  was  put  into  successful  operation.  On  the  relinquishment 
of  the  work  >)y  Mr.  Veatch,  who  wished  to  take  up  more  purely 
scientific  problems,  the  prosecution  devolved  upon  Mr.  Lines,  to 
whom  much  of  the  success  of  the  work  is  due. 

RESULTS. 

The  results  obtained  during  the  six  months  in  which  the  system  for 
collecting  records  and  samples  has  l>een  in  operation  are  very  gratify- 
ing. The  practical  nature  of  the  plan  has  appealed  to  drillers  and 
others  interested  in  wells  and  has  resulted  in  many  offers  of  coopera- 
tion. The  plan  has  likewise  been  cordially  received  by  the  press 
and  favorably  commented  upon  editorially. 

In  t!ie  office  the  plan  has  likewise  been  shown  to  be  eminently 
practical.  The  system  outlined  by  Mr.  Veatch  has  now  been  in  opera- 
tion long  enough  to  thoroughly  test  its  efficiency,  and  has  proved  to 
be  simple  in  operation,  economical  as  to  labor,  convenient  to  handle, 
and  effective  in  its  results.  A  few  minor  changes  have  been  found 
desirable,  but  in  all  its  main  features  the  plan  followed  is  substantially 
as  originall}'  formulated. 
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The  results  of  the  work  may  be  summarized  as  follows: 

Approximate  number  of  persons  returning  samples,  200. 
Number  of  wells  represented  by  complete  sets  of  samples,  111. 
Number  of  wells  represented  by  incomplete  sets  of  samples,  190. 
Total  number  of  samples  received,  3,945. 
Records  received  in  Survey  notebooks,  139. 
Reconls  received  in  other  ways,  230. 

The  scientific  results  include  detailed  records  from  111  wells.  Of 
these  nothing  need  be  said,  their  character  being  indicated  by  the 
present  report. 

METHODS  OF  WORK. 

A  number  of  States  have,  as  a  part  of  their  work,  undertaken  a 
more  or  less  systematic  collection  of  deep-well  records.  The  Second 
Geological  Survey  of  Pennsylvania  especially  gave  great  attention  to 
this  feature,  employing  several  men  on  the  work  of  collecting  and 
tabulating  well  records,  of  which  several  thousand  were  published. 
In  some  cases  observers  selected  by  the  State  survey  were  stationed  at 
certain  important  wells  to  insure  the  collection  of  samples  and  the 
taking  of  accurate  measurements.  A  great  number  of  well  records 
have  also  been  independently  collected  by  geologists  throughout  the 
country  for  the  information  they  throw  on  stratigraphic  and  other 
problems,  and  a  considerable  number  of  them  have  been  published, 
often  constituting  contributions  of  great  importance  to  those  inter- 
ested in  the  occurrence  of  oil,  gas,  brines,  and  potable  waters.  The 
present  system  of  the  United  States  Geological  Survey  is  believed  to 
be  more  extensive  and  comprehensive  than  any  previously  put  in  oper- 
ation for  the  collection  of  well  records  and  samples,  and  it  has  been 
thought  desirable  to  put  on  record  a  description  of  the  plan,  for  the 
benefit  of  those  persons  or  organizations  who  may  desire  to  conduct 
similar  work  in  the  future. 

It  being  manifestly  impossible,  because  of  the  great  expense 
involved,  to  place  observers  at  the  various  wells,  it  was  necessary  to 
arrange  for  cooperation  on  the  part  of  drillers  throughout  the  coun- 
try. This  cooperation  could  in  general  be  expected  only  when  the 
drillers  should  be  substantially  benefited  by  the  work,  and  conse- 
quently in  the  development  of  the  plan  this  point  was  kept  con- 
stantly in  the  foreground.  Arrangements  were  made  whereby  such 
questions  as  the  drillers  should  submit  in  regard  to  their  work  would 
be  promptly  attended  to,  and  records  interpreted  or  samples  examined 
on  rexjuest.  In  return  the  driller  is  requested  to  furnish  written  records 
of  his  wells  and  samples  of  materials  penetrated,  his  assistance  to  be 
acknowledged  in  the  reports  on  well  records,  issued  annually. 
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GENERAL  PLAX   AND  DETAILS  OF  WORK. 
(Formulated  by  A.  C.  Veatch.) 

The  plan  followed  in  the  collection  of  well  records  and  samples  was 
developed  by  Mr.  A.  C.  Veatch,  assistant  geologist,  who  also  drew  up 
the  various  forms  used  in  correspondence,  field,  and  office.  The  work 
may  be  summarized  as  follows: 

First  step  is  to  obtain  the  names  and  addresses  of  drillers  and  well 
owners,  who  are  informed  of  the  advantages  of  saving  samples  and 
records  and  invited  to  cooperate.  When  a  driller  signifies  his  willing- 
ness to  assist,  he  is  supplied  with  notebooks  for  keeping  the  records, 
and  small  bags  for  shipping  the  samples  through  the  mails  free  of 
cost.  The  receipt  of  all  records  or  samples  is  acknowledged.  If  the 
original  invitation  to  cooperate  is  not  answered  within  a  reasonable 
time,  a  second  request  is  sent,  which  may  be  followed  by  others  if 
necessary.  An  account  is  kept,  by  means  of  a  card  file,  of  letters  and 
bags  sent,  and  the  records  and  samples  are  likewise  systematically  filed 
as  received.  At  the  end  of  each  year,  or  oftener  if  the  conditions 
demand,  a  report  is  to  be  prepared  giving  the  names  of  persons  coop- 
erating, a  summary  of  the  wells  reported,  and  complete  records  of  the 
more  important  wells  represented  by  samples  or  by  detailed  records. 

SOURCES  OP   ADDRESSES  OF   DRILLERS   AND   WELL  OWNERS. 

One  of  the  first  steps  in  the  work  was  to  secure  the  names  of  drillers 
or  owners  of  wells  in  process  of  drilling.  These  were  obtained  from 
the  following  sources:  (1)  City  directories,  gazetteers,  etc.,  (2)  parties 
voluntarily  offering  to  cooperate,  (3)  trade  and  engineering  publica- 
tions, (4)  geologists  and  others  in  the  field,  (5)  newspaper  clippings. 

The  city  directories  and  gazetteers  of  drillers  furnished  the  largest 
number  of  addresses,  but  as  all  classes  of  drillers,  including  many  local 
operators,  are  there  included  the  percentage  volunteering  to  assist  was 
small.  Perhaps  the  most  effective  aid  was  secured  through  voluntary 
offers  of  assistance  from  drillers  in  response  to  a  press  notice  describ- 
ing the  work  which  the  Survey  is  undertaking  in  the  collection  of 
samples  and  records  and  asking  for  cooperatioji.  This  was  widely 
published,  often  with  favorable  editorial  comment,  in  engineering,  oil, 
and  water  journals  and  in  newspapers.  A  large  number  of  addresses 
of  drillers  and  owners  were  also  secured  from  advertisements  for  bids, 
news  notes  on  water  supplies,  etc.,  in  the  engineering  and  trade  jour- 
nals. The  journals  now  consulted  are  as  follows:  Engineering  News, 
Fire  and  Water  Engineering,  American  Magazine  of  Mining  and 
Investment,  Pacific  Oil  Reporter,  Petroleum  Gazette,  Oil  Investors 
Journal,  and  the  semiweekly  Oil  City  Derrick.  A  single  issue  of  a 
weekly  magazine  may  furnish  as  high  as  ten  or  more  addresses,  and  the 


Digitized  by  VjOOQIC 


FULLER.] 


COLLECTION    OF    WELL    RECORDS    AND    SAMPLES. 


29 


cooperation  obtained  through  these  addresses,  especially  through  those 
obtained  from  advertisements  for  bids,  is  especially  efficient.  The 
newspapers  throughout  the  country  contain  a  vast  amount  of  informa- 
tion relating  to  wells,  but  it  has  been  found  that  this  is  not  satisfactorily 
collected  by  the  press-clipping  bureaus,  and  at  present  little  use  can 
be  made  of  it. 

Filing  of  clippings, — ^The  magazines  are  examined  as  received  and 
clippings  taken  of  advertisements  for  bids,  news  notes,  etc.  These, 
together  with  the  clippings  received  through  the  press  bureaus,  are 
commonly  pasted  on  a  4  by  (>  inch  card.  At  the  top  of  this  card  is 
space  for  the  name  of  the  State,  county,  and  town.  If  the  clippings 
are  long  and  require  folding,  an  envelope  attached  to  the  face  of  the 
card,  opening  upward,  is  of  much  assistance  m  filing. 

The  clipping  cards  are  marked  with  the  name  of  the  publication, 
and  the  volume,  page,  and  date,  after  which  they  are  filed  by  State, 
county,  and  locality.  The  clipping  file  gives  not  only  addresses,  but 
a  comprehensive  summary  of  drilling  operations  and  allied  subjects. 

PREPARATION   OF  MAILING    LIOT. 

Each  name  and  address  of  a  driller  or  well  owner  is  entered  on  a 
4  by  6  inch  card,  which  also  serves  as  a  stock  card.  In  addition  to  the 
spaces  for  the  name  and  address  there  are  spaces  for  recording  the 
position  (owner,  contractor,  foreman,  driller,  etc.)  of  the  person 
referred  to,  the  dates  on  which  circular  letters  inviting  cooperation 
were  sent,  the  addresses  to  which  supplies  are  sent,  the  number  of 
notebooks  and  bags  furnished,  and  the  dates  on  which  they  were  for- 
warded.    The  form  of  this  card  is  shown  below. 


128456789   10  U   12 
Name, 


14    15    16    17    18    19   20   21    22    23    24    25   26   27    28   29   80   31 
Position, 


Permanent  address. 


First  circular  sent, 


CircularH  sent. 

1 

Date. 

Address. 

N.B. 

1 

1 



1 

' 

l' 

I     . 

Account  of  ba^s  sent. 


\~\ 
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ARRANOEMENTB   FOR  COOPERATION. 

When  the  addresses  are  first  recorded  on  the  cards,  a  letter  inviting 
cooperation  is  sent.  The  chai'acter  of  the  letter  varies  with  the  person 
to  whom  it  is  addressed,  but  one  or  the  .other  of  two  forms  is  commonly 
used.  These  are  given  below,  the  first  being  sent  to  drillers  and  the 
second  to  well  owners. 

Letter  sent  to  drillers. 

Sir:  The  demand  for  information  regarding  wells  has  become  so  great  that  the 
United  States  Geological  Survey  has  decided  to  issue  a  yearly  publication  giving 
briefly  an  account  of  the  wells  bored  in  the  preceding  year.  This  report  is  to  l)e 
published  as  near  the  beginning  of  each  year  as  practicable,  and  will  be  sent  to  all 
who  apply  for  it  It  will  contain  the  names  and  addresses  of  persons  doing  well 
work,  and  will  summarize  the  work  done  by  them  in  the  preceding  year. 

In  order  that  no  portion  of  your  work  may  be  overlooked  in  this  report,  you  are 
requested  to  inform  this  oflSce  from  time  to  time  of  the  progress  of  your  work  and  to 
forward  records  and  samples  of  the  materials  penetrated  in  your  wells. 

That  the  foreman  of  Ihe  outfit,  or  the  person  visiting  the  wells,  may  not  be  bur- 
dened with  a  great  number  of  bulky  bottles  or  cans  and  an  ever-growing  accumula- 
tion of  samples,  small  canvas  bags  have  been  prepared  (one  of  which  is  inclosed)  in 
which  samples  may  be  transmitted  through  the  mails  without  the  payment  of  poet- 
age.  As  these  samples  can  be  mailed  as  often  as  the  men  visit  the  post-office,  there 
is  no  danger  that  they  will  accumulate  and  become  burdensome.  For  the  keeping 
of  a  log  a  convenient  pocket  memorandum  book  has  been  prepared  and  will  be  sent 
with  the  sample  bags. 

In  order  to  keep  in  touch  with  you  and  your  foreman,  a  card  like  the  inclosed  will 
be  mailed  at  stated  intervals.  This  will  not  only  serve  as  a  reminder,  but  will  save 
you  some  clerical  labor. 

This  work  should  enlist  your  cooperation  for  the  following  reasons: 

First.  Your  name  and  work  will  be  kept  before  a  class  of  readers  interested  in  well 
drilling. 

Second.  Records  of  your  work  will  be  carefully  filed  in  this  oflSce,  and  will  be 
readily  available  to  you  at  any  time,  so  that  in  case  your  notes  are  lost  they  can  be 
duplicated. 

Third.  You  will  aid  materially  in  the  study  of  the  geological  structure  of  the 
United  States,  a  knowledge  of  which  can  not  fail  to  benefit  you  as  a  well  driller. 

In  some  cases  it  will  be  necessary  that  the  records  should  be  regarded  as  confiden- 
tial, and  in  these  cases  the  information  will  be  carefully  guarded,  and  used  only 
under  the  conditions  which  you  stipulate. 

I  shall  be  glad  to  hear  from  you  regarding  this  work  and  will  be  grateful  to  you 
for  any  suggestions. 

letter  sent  to  well  owners. 

Sir:  The  Survey  is  making  a  systematic  collection  of  well  records  and  samples. 
Such  data  are  of  great  assistance  in  the  study  of  many  of  the  problems  which  the  Sur- 
vey is  called  upon  to  investigate,  and  you  are  cordially  invited  to  render  assistance 
by  sending  to  this  oflSce  records  and  samples  from  the  wells  in  which  you  are 
interested. 

The  results  of  this  work,  except  in  cases  of  confidential  records,  will  appear  in  a 
yearly  publication  and  in  detailed  reports  of  special  areas,  which  will  be  prepared 
from  time  to  time,  copies  of  which  will  be  sent  to  you. 

If  you  will  undertake  to  save  samples,  please  sign  and  return  the  inclosed  card, 
which  requires  no  postage.     A  supply  of  canvas  bags  like  the  one  inclosed  will  then 
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be  sent  yoa,  in  order  that  the  samples  may  be  transmitted  through  the  mails  without 
the  payment  of  postage. 

In  some  cases  it  is  necessary  that  records  be  regarded  as  confidential,  and  in  these 
cases  the  information  will  be  carefully  guarded  and  used  only  under  the  conditions 
which  you  stipulate. 

When  the  first  letter  inviting  cooperation  is  sent  out  the  date  is 
entered  on  the  card  (p.  29).  If  a  reply  is  not  received  in  two  weeks 
or  a  month,  it  is  often  desirable  to  send  out  a  second  letter.  In  order 
to  keep  track  of  this  correspondence,  projecting  metal  clips  of  differ- 
ent colors  are  used.  Thus,  if  the  first  circular  is  sent  out  on  January 
1,  and  it  is  desired  to  send  a  second  letter  on  January  15,  the  date 
January  1  is  entered  on  the  line  opposite  ''  circulars  sent,"  while  the 
clip  is  placed  on  the  number  15  at  the  top  of  the  card.  As  the  cards 
are  of  uniform  size  and  fit  closely  into  the  drawer,  all  the  clips  for  a 
given  date  fall  in  a  single  line,  and  it  is  easy  to  select  the  cards  for  a 
particular  date  without  handling  those  relating  to  any  other  date.  To 
assist  still  further  in  handling  the  correspondence,  clips  of  the  follow- 
ing colors  are  used  for  the  different  classes  of  cooperators:  Copper 
for  persons  such  as  foremen  for  large  firms  saving  samples  by  order 
of  employers  or  others;  white  for  all  other  persons  saving  samples; 
green  for  owners  not  saving  samples,  and  steel-blue  for  drillers  not 
saving  samples. 

If  a  reply  is  not  received  to  the  first  letter  by  the  end  of  two  weeks, 
a  second  letter  is  sent,  which  is  commonly  as  follows: 

Second  letter  sent  to  drillers  and  well  mvners. 

Sir:  In  order  that  the  collection  of  well  samples  being  made  by  this  office  may  be 
as  complete  as  possible,  one  of  the  inclosed  forms  is  sent  at  stated  intervals  to  all 
persons  interested  in  well  drilling. 

If  you  will  save  samples  of  well  borings  for  the  Geological  Survey,  please  fill  out 
this  card,  which  requires  no  postage,  and  return  it  to  this  office,  when  a  supply  of 
canvas  bags,  which  will  carry  the  samples  through  the  mail  without  the  payment 
of  postage,  will  be  sent  you. 

The  card  should  also  be  filled  out  if  you  need  additional  sample  bags  or  if  you  are 
al)out  to  move  your  outfit  to  a  new  place. 

If  a  reply  to  the  second  letter  is  not  received,  the  same  form  is  sent 
again  after  an  interval  varying  with  the  individual  circumstance^s. 
By  repetition  the  letter  serves  to  impress  the  importance  of  the  work 
upon  persons  not  responding  to  the  first  invitation,  with  the  result 
that  cooperation  is  sometimes  finally  secured.  The  same  letter  is  also 
sent  from  time  to  time  to  persons  saving  samples,  in  order  to  keep  in 
touch  with  them,  to  make  sure  that  the  work  is  not  forgotten,  and 
that  the  necessary  supplies  are  ordered  as  required. 

With  the  original  letter  inviting  cooperation  and  with  the  second 
letter  there  are  inclosed  a  sample  of  the  bags  used  for  shipping  samples 
and  a  franked  card  on  which  the  recipient  can  designate  the  number 
of  notebooks  and  bags  required. 
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The  sample  bags  are  of  light  but  strong  canvas  and  measure  3i  by  5 
inches.  On  them  are  printed  the  ''penalty  frank"  and  the  Survey 
address.  At  the  top  is  a  string  for  securely  tying  in  the  contents 
before  shipment. 

When  the  card  requesting  supplies  is  received  the  supplies  are 
immediately  shipped,  together  with  a  notice  of  shipment. 

TAKING   OF   NOTES   AND   SAMPLES. 

Fonn  of  not^ook  used. — As  every  effort  has  been  made  to  assist  the 
driller  in  keeping  notes  and  saving  samples,  special  notebooks  as  well 
as  sample  bags  were  devised. 

On  the  front  cover  of  the  notebooks  now  in  use"  is  the  title,  and  on 
the  back  cover  are  printed  a  i)ostal  frank  and  the  address  of  the  Sur- 
vey, so  that  the  book  may  be  returned  by  mail  without  wrapping. 
Experience  has  shown  that  the  books  become  much  less  soiled  than 
was  anticipated,  little  trouble  being  encountered  in  this  line. 

The  inside  of  the  front  cover  contains  the  following  simple  direc- 
tions, prepared  "by  Mr.  Veatch: 

Suggestions  to  driilers. 

1.  Samples  should  be  taken  from  each  bed  passed  through,  and  never  more  than 
20  feet  apart,  even  in  the  same  l)ed. 

2.  Samples  from  wells  in  sands  and  clays  should  not  l)e  washed,  as  washed  samples 
of  sandy  clay  show  only  clean  sand  and  give  a  wrong  idea  of  the  character  of  the  bed. 

3.  All  oyster,  clam,  or  other  fossil  shells  should  be  place<l  in  the  bags  with  the  dirt 
or  sand  in  which  they  are  found  and  marked  with  tht^  depth  from  which  obtained. 

4.  Samples  should  be  dry  before  being  mailed. 

5.  A  blank  label  will  be  found  in  each  bag.  After  it  is  filled  out  it  should  be  folded 
once  to  protect  the  writing. 

6.  Bags  should  be  tied  securely  and  mailed.     They  require  no  postage. 

7.  In  the  first  two  or  three  samples  sent  in,  the  "Location**  should  be  filled  out 
with  care;  in  the  succeeding  samples  so  much  care  need  not  be  taken  with  location, 
but  the  rest  of  the  card  should  be  complete. 

8.  Note  depth  and  thickness  of  all  water- l)earing  layers. 

9.  Note  under  "Remarks"  the  quality  of  the  water  from  each  layer,  as  hard,  soft^ 
salty,  alkaline,  or  sulphur  bearing. 

10.  Note  height  to  which  water  from  each  layer  rises  in  well,  and  give  flow  in 
gallons  per  minute. 

11.  Make  frequent  use  of  the  "Remarks"  column  to  explain  your  notes. 

12.  If  you  leave  the  rig,  send  in  your  notebook  with  the  name  of  your  successor 
and  a  new  book  will  be  sent  to  him. 

13.  If  you  do  not  understand  what  is  wanted,  or  desire  information  on  any  point, 
write  to  this  office,  using  one  of  the  envelopes  sent  with  the  first  shipment  of  bags. 
They  require  no  postage. 

14.  It  sometimes  happens  that  unauthorized  persons  represent  themselves  as  mem- 
bers of  the  Survey.  If  you  desire  to  know  whether  a  man  is  connected  with  the 
Surveys,  ask  for  his  identification  card,  which  is  signeil  by  the  Secretary  of  the  Inte- 
rior'and  the  Director  of  the  Geological  Survey. 


aA  new  edition  to  be  used  after  January  1  varies  in  a  number  of  unessential  particulars  from  the 
form  here  described. 
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Names  of  owners  and  drillers  who  furnish  records  and  samples  will  appear  in  the 
annual  publication  of  the  Geological  Survey  on  well  borings. 

The  Survey  desires  to  assist  and  cooperate  with  owners  and  drillers  in  every  way 
possible,  and  will  be  glad  to  answer  questions. 

To  assist  the  driller  in  identifying  the  rocks,  in  obtaining  a  correct 
understanding  of  simple  geologic  conditions,  and  in  keeping  more 
intelligent  records,  a  few  geologic  notes  and  definitions  of  the  more 
common  types  of  rocks,  based  largely  on  notes  by  Mr.  G.  H.  Eldridge, 
are  printed  on  the  inside  of  the  back  cover  and  on  the  page  facing  it, 
respectively.     These  are  given  below. 

Geologic  notes. 

In  a  simple  classification  rocks  may  \ye  grouped  into  three  divisions:  (1)  Sedimeir- 
tary,  (2)  metamorphic,  and  (3)  igneous. 

Sedimentary  rocks. — Sedimentary  rocks  are  formed  of  fragments  worn  from  older 
rocks  by  the  action  of  rain,  wind,  frost,  etc.  Such  materials  were  carried  by  water 
or  glaciers  until  deposited  as  beds  of  clay,  sand,  gravel,  marl,  etc.  Other  deposits 
consist  largely  of  corals,  or  of  shells,  such  as  oysters  and  clams.  When  first  deposited 
the  materials  are  loose  and  unconsolidated,  but  they  become  gradually  hardened  and 
cemented  together,  especially  when  covered  by  later  beds,  and  form  solid  rocks. 

Metamorphic  rocks. — Sedimentary  rocks  have  frequently  been  subjected  to  heat  and 
pressure,  which  has  further  hardened  them,  or  even  produced  a  crystalline  texture. 
Sediments  and  igneous  rocks  so  altered  are  known  as  metamorphic  rocks.  Mica- 
schist  and  marble  are  typical  examples.  They  generally  retain  a  bedded  or  foliated 
structure. 

Igneous  rocAr«.— Igneous  rocks  have  come  from  the  earth's  interior  in  a  molten  state 
and  have  forced  their  way  between  other  rocks  or  have  overflowed  as  lava  beds  at 
the  surface.     They  are  nearly  all  more  or  less  crystalline  in  texture. 

Resemblance  of  rocks  of  different  ages. — Rocks  of  the  types  indicated  above  occur  the 
world  over,  those  of  one  locality  often  being  indistinguishable  from  those  of  another. 
Notwithstanding  this,  there  may  be  a  difference  of  thousands  of  years  in  age  and  a 
great  variance  in  conditions  of  formation.  It  is  not  warrantable,  therefore,  to  say 
that  because  a  rock  in  California  has  the  same  composition  as  an  oil-bearing  rock  in 
Ohio  it  is  of  the  same  age  and  will  yield  petroleum. 

Fossils. — In  sedimentary  rocks  remains  of  animals  and  plants  are  often  found. 
These  generally  consist  of  portions  or  impressions  of  shells,  skeletons,  or  leaves,  and 
are  known  as  fossils.  A  bed  can  frequently  be  recognized  and  its  age  determined  by 
fossils.     It  is  of  great  importance  that  all  fossils  be  saved. 

Definition  of  a  formation.— A  rock  or  succession  of  rocks  possessing  uniformity  of 
character  throughout  a  considerable  area  is  termed  a  formation,  and  is  given  a  name, 
such  as  Trenton  Innestone,  etc.  The  importance  of  identifying  these  is  great,  and 
their  identification  will  be  much  facilitated  by  the  preservation  of  samples. 

Structure.— When  deposited,  sedimentary  beds  are  nearly  horizontal.  Subsequently 
they  have  often  been  thrown  into  inclined  positions  or  bent  into  wave-like  folds,  the 
arches  of  which  are  known  as  anticlines  and  the  troughs  as  synclines.  When  the  beds 
are  further  disturbed  they  may  become  broken  and  the  different  parts  displaced  or 
faulted  from  their  original  position.  The  slope  of  the  beds  is  known  as  the  dip,  and 
the  direction  in  which  they  extend  or  would  outcrop  on  a  horizontal  surface  is  known 
as  the  strike.  The  directions  of  strikes  and  dips  are  of  importance  in  studying  the 
occurrence  of  water  and  oil,  and  should  be  recorded  whenever  possible. 
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The  definitions  of  rocks  are  as  follows: 

In  order  to  aasist  the  driller  in  keeping  records,  brief  definitions  of  the  more  com- 
mon rock  terms  are  given  below. 

UNCX)NSOLIDATBD   DEPOSITS. 

Soil  and  subsoil. — ^The  weathere<i  upper  portions  of  any  rocks. 
TilL — An  irregular  mixture  of  clay,  sand,  and  bowlders  deposited  by  glaciers. 
AUumum. — Sand,  clay,  etc.,  deposited  by  streams. 

Gravely  sandj  and  clay, — Made  up  respectively  of  pebbles,  sand  grains,  and  finer 
particles. 
Chalk. — A  soft,  white  earthy  substance  made  up  of  fine  particles  of  lime. 
Marl. — A  clayey  substance  containing  much  lime. 

SEDIMENTARY   KOCKS. 

Sedimentary  rocks  are  made  up  of  fragments  of  older  rocks.  The  fragments  or 
grains  are  usually  rounded,  a  feature  which  helps  to  distinguish  them  from  igneous 
rocks. 

Conglomerate. — Consolidated  gravel. 

Sandstone. — A  consolidated  sand.  It  is  said  to  be  massii^  if  there  are  few  bedding 
planes,  and  shaly  if  it  splits  into  plates. 

Qtiartzite. — A  sandstone  in  which  the  spaces  between  the  grains  have  fille<l  with  a 
hard  element  (silica),  forming  an  excessively  hard  rock. 

*SAa/<'.— Consolidated  clay;  a  soft,  fine-graine<l  nx'k  which  tends  to  split  into  thin 
plates  (often  improperly  called  soapstone). 

*V/fi/€.— Like  shale,  but  hanler;  splits  into  thin  plates  which  may  or  may  not  coincide 
with  the  bedding.  The  tendency  to  split  is  not  often  recognized  in  drilling.  Example: 
Roofing  slate. 

Limestone. — Formed  from  consolidated  marly  l)eds,  or  from  beds  of  coral,  shellfish, 
etc.  It  is  composed  mainly  of  carl)onate  of  lime,  but  often  contains  sand  and  other 
impurities,  and  is  often  very  hartl.  It  can  l>e  most  readily  detected  by  the  bubbling 
which  takes  place  when  it  is  touched  with  muriatic  acid. 

Flinty  rock  salt,  (jtjpsumy  roid. — These  are  too  well  known  to  require  definition. 

Concretions. — Hardened  lump-like  masses  within  the  rock,  and  should  not  be  con- 
founded With  real  bowlders. 

METAMoarnic  and  lONEors  rocks. 

These  rocks  are  generally  ma^le  up  of  angular  crystals,  often  recognizable  by  their 
glistening  fact»s,  a  feature  which  is  not  often  possessed  by  the  fragments  of  sedimen- 
tary rocks. 

Marble  and  dolomite. — Marble  is  a  cystalline  limestr)ne  and  gives  the  same  reaction 
with  acid  as  limestone,  marl,  and  chalk.  Jhhmite  resembles  liinestone,  but  the  bul)- 
bling  with  acid  takes  place  only  when  the  acid  is  hot.  In  com|>o6ition  it  differs  from 
limestone  and  marble  in  that  it  contains  carlNinate  of  magnesium. 

Soapstone  or  talc. — Fairly  soft  and  greasy  to  the  touch.  It  is  seldom  encountered 
in  drilling,  the  substance  calletl  soapstone  usually  being  a  soft  shale,  although  the 
name  is  sometime*  incorrectly  appliini  to  clay  or  slate. 

Schist. — A  crystalline  rock  characterized  by  thin  layers  of  mica  or  other  mineral. 

Gneiss.— \  rock  intermediate  in  character  between  schist  and  granite. 

Granite. — A  crystalline  r<H»k  com|)osed  of  quartz,  feldspar,  and  other  minerals. 

Trap, — A  very  dark  crystalline  rock  of  igneous  origin. 
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The  first  page  of  the  notebook  is  used  for  a  general  record  of  the 
well.     It  is  OS  follows: 

Well  record  on  first  page  of  driller*  b  notebook. 

Well  is  located miles  in  a direction 

from post-office,  in  the 

J  of J  of  Sec Twp Range 

Owner 

Contractor 

Drillers 

Well  began ,  190.;  completed ,  190. 

Rig  used — cable,  rotary,  jet,  or 

Diameter  of  well: . . ._. . .inches  from ft.  to ft. ; 

inches  from ft.  to ft. 

Length  of  casing 

Casing  perforated  or  strainer  inserted  at ft. 

Main  water  supply  from ft. 

Well  pumps gals,  per  minute  from  depth  of ft. 

Well  flows gals,  per  minute  from  depth  of ft 

If  flowing,  what  is  the  pressure? 

Pool  or  district 

Well  No on farm. 

Amount  of  oil  obtained 

Amount  of  gas  obtaine<l 

Name  of  sand 


Fill  out 
for  oil 

and  gas 
wells. 


Recorde<l  by 

Address 

The  notebook  contains  7  double  pages  for  the  recording  of  data.  It 
\H  an  adaptation  of  a  form  used  by  Mr.  AL  R.  Canipl>ell  for  oil  records, 
which  in  turn  followed  the  gtMieral  plan  of  the  notebooks  of  the  Second 
(Jeological  Survey  of  Pennsylvania  and  of  later  surveys  and  corpora- 
tions. On  each  double  page  are  seven  columns,  headed  as  follows: 
*' Sample  No.,"  ''Rock  or  material,"  "Color,"  ''Hard  or  soft," 
"From—,"  "To—,"  "Remarks." 

Taking  and  fonoar ding  BampUs. — In  taking,  preparing,  and  ship- 
ping samples  the  suggestions  in  the  notel>ooks  are  generally  fol- 
lowed fairly  closely.  The  samples  are  commonly  taken  every  10 
feet,  or  at  every  change  of  material,  dried  on  a  board  or  otherwise. 
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and  then  placed  in  the  ha^s.  With  each  sample  is  included  a  2  by  3 
inch  label,  on  which  the  following  datii  are  given  by  the  driller: 
Sample  immher,  location,  name  of  owner,  driller,  and  person  sending 
sample,  and  the  depth  at  which  the  sample  was  obtained. 

EXAMINATION   AND   FILING   OF  SAMPLES. 

Traii^ftr  to  hottles. — When  received  at  the  office  the  samples  are 
transferred  to  glass  bottles.  The  l)ottles  now  in  general  use  are 
approximately  2J  inches  long  and  three-fourths  inch  in  diameter. 

Glass  jars,  measuring  3  by  If  inches,  with  a  tin  cover  screwing  on 
the  top,  were  originally  used,  but  they  were  found  to  be  larger  than 
necessary  in  most  cases,  although  they  are  convenient  where  frag- 
ments are  blown  out  in  shooting  or  where  fossils  or  pebbles  are 
brought  up. 

Acknowledijmtnt  ofsantples, — W^hen  the  Imgs  are  opened  the  laV>els 
are  examined  and  acknowledgment  is  made  to  the  persons  sending 
them. 

EXAMINATION    OK   8AMPLK8   AND    FILING    OF   RECORDS. 

Whenever  a  set  of  samples  from  a  particular  well  is  complete  it 
may  l>e  taken  from  the  temporary  tiles  and  referred  to  a  geologist 
for  examination  and  identification.  The  data  thus  obtained,  together 
with  those  afforded  by  the  drillers'  notebook,  are  then  compiled  on 
cards.  At  the  top  of  these  cards  are  spaces  for  the  names  of  State, 
county,  and  town  in  which  the  sample  was  obtained,  for  the  names 
of  the  owner  and  driller  of  the  well  and  of  the  person  sending  the 
samples,  and  for  the  dates  of  opening  and  closing  the  account.  Below 
this  space  for  general  information  are  seven  columns,  which  contain 
the  following  headings:  "Date,"  ''No.,''  ''Chai-acter  of  strata," 
''From—,"  '^To  -,"  "Dmwer  No.,"  "Date."  If  the  record  is  long, 
supplementary  cards  are  used.  These  are  ruled  as  described  above, 
but  at  the  top  there  are  spaces  for  only  the  names  of  the  State,  county, 
and  town. 

Data  of  economic  value  are  recorded  on  a  separate  card.  The  vari- 
ous cards,  together  with  clippings,  notelmoks,  etc.,  relating  to  the 
same  well  are  then  fastened  together  by  a  clip  and  tiled  by  loi'ality. 

STORAGE   OF  SAMPLES. 

Importance  of  jyreHervatimi  of  samples, — Mr.  A.  C.  Veatch  urged 
the  general  preservation  of  samples,  as  descriptions  even  by  the  best 
geologists  are  seldom  as  satisfactory  as  the  samples  themselves.  Be- 
cause of  advances  in  geologic  science  and  of  later  and  more  precise 
data  for  discriminating  the  characters  of  underground  beds,  peculiar- 
ities which  had  been  entirely  overlooked  or  misinteipreted  often  be- 
come clear  as  a  result  of  a  later  examination.     Many  facts  of  value. 
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both  to  science  and  to  the  practical  driller,  would  undoubtedly  be  lost 
if  the  sam[)les  were  discarded  as  soon  as  examined.  Of  course,  cer- 
tain simple  types  of  sandstones,  shales,  and  limestonas  can  be  described 
with  a  considerable  degree  of  accuracy,  and  such  samples,  together 
with  duplicates  from  the  same  bed,  can  be  discarded,  but  the  present 
policy  is  to  preserve  everything  that  can  possibly  be  of  value. 

Label in/f  of  m)n]>le  hottliH. — When  the  samples  are  transferred  to 
the  bottles  a  label  is  made  out  from  the  field  label  which  accompanies 
the  sample.  It  is  printed  on  gummed  paper,  so  that  it  may  be  easily 
attached  to  the  bottle,  and  on  it  are  written  the  well  and  sample 
number,  depth,  date,  location,  and  name  of  owner. 

Teinprn^aryJiltH. — The  samples  frequently  come  in  one  or  two  at  a 
time,  and  it  is  generally  desirable  to  postpone  final  examination  until 
all  those  from  the  siune  well  have  been  received.  As  received  they 
are  put  into  bottles,  labeled,  given  well  and  sample  numbers,  and  put 
into  a  case  for  teniporary  tiling.  The  object  of  the  temporary  files  is 
to  afford  storage  for  samples  from  miscellaneous  wells  until  the  setij 
from  the  individual  wells  are  complete.  The  cases  are  built  in  units 
with  smooth  ends  40  inches  long,  32^  inches  high,  24  inches  deep,  and 
are  provided  with  glass  doors  to  shut  out  the  dust.  Each  contains  14 
drawers  in  2  rows  of  7  each.  Each  drawer  is  15^  by  20^  inches, 
inside  measurement,  and  is  2i  inches  deep.  The  guides  are  so  placed 
that  a  space  of  three-fourths  of  an  inch  is  left  between  each  drawer 
to  allow  for  the  projecting  bottles.  The  drawers  are  further  subdi- 
vided by  pasteboard  partitions,  similar  to  those  used  in  packing  eggs, 
into  108  compartments,  each  one  of  which  will  hold  four  of  the 
smaller  bottles  or  one  of  the  large  jars.  The  maximum  capacity  is 
432  bottles  to  a  drawer,  or  about  5,000  to  a  case.  As  but  few  of  the 
larger  jars  are  used,  the  actual  capacity  is  ver}-  near  the  maximum. 

Permanent  HtoKuje  of  nam  plea, — After  examination,  or  when  a  set  is 
complete,  if  desired  the  samples  are  filed  in  permanent  storage  cases 
of  the  same  type  as  the  temporary  files.  The  compactness  of  the  stor- 
age system  will  be  appreciated  when  it  is  pointed  out  that  over  200,000 
samples  can  l>e  stored  in  a  10  by  15  foot  room.  The  samples  are  filed 
by  wells,  which  are  numr)ered  consccutivel}^  as  the  reports  are  received, 
the  numljers  being  entered  on  the  record  cards,  which  are  filed  alpha- 
betically under  States  and  counties. 

RErORDH   COLLEtTEI)    INDEPENDENTLY    OF   SAMPLES. 

The  most  thoughtful  drillers  generally  keep  records  of  all  wells 
drilled  in  new  fields,  but  do  not  attempt  to  save  samples,  because  of 
the  labor  involved  in  their  handling  and  storage  under  ordinary  condi- 
tions. Many  of  these  records,  which  are  often  of  much  value  in  deter- 
mining the  geologic  features  of  the  region,  have  been,  through  the 
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courtesy  of  drillers  and  well  owners,  presented  to  the  Survey.  To 
facilitate  the  copying  and  filing  of  these  records  the  following  blank  is 
used.     The  size  of  the  original  is  8  b}^  lOi  inches. 

Fbrm  used  for  obtaining  well  records. 

WELL  RECORD. 

Well  Ih  luoated miles  in  a direction  from post-office 

in  the J  of --i  of  sec twp range in  the  State  of 

Owner Contractor Driller 

Well  begun ,  190..;  complcU*<i ,  190.. 

Rig  used:  Cable,  rotary,  jet,  or , Total  depth 

Length  of  casing: ft.    Diameter: in.  from ft.  to ft.: in.  from ft  to ft. 

ampleted  well  develops  the  following  water-bearing  strata:  From f L  to ft. , 
rom ft.  to ft.,  from ft.  to Main  supply  from ft- 
mpleted  well  pumps gals,  permin.    Flows gals,  permin.    I^ressure 

Oil  and  (Pool  or  district Well  No on farm 

gas.    jwell  yields  Yield  first  24  hours Initial  pressure 

[Oil  or  gas.] 
Records  sent  by Address 


LOO  OF  WELL. 


From— 


To- 


Character  of  material. 

(State  whether  hard  or  soft,  and 

give  color.) 


Remarks. 
(Note  especially  depths  and  thick- 
ness of  all  water-bearing  strata, 
height  to  which  water  from  each 
layer  rises,  quality  of  the  water 
from  each,  and  yield  in  gallons 
per  minute.) 


tX>NFIDENTIAL   HECORDft. 

In  many  instances  borings  are  put  down  at  great  expense  for  the 
simple  purpose  of  testing  for  oil,  gas,  water,  or  minemi,  or  of  deter- 
mining the  depth,  chamcter,  and  structure  of  coal,  iron,  or  other 
mineral  deposits.  It  can  not  be  expected  in  such  cjises  that  the  data 
obtained  will  be  thrown  open  to  others  who  have  gone  to  no  expense 
in  the  matter,  but  who  would  be  only  too  glad  to  make  use  of  the 
information  for  their  own  interest.  It  is  almost  universally^  recog- 
nized, however,  that  such  information  may  be  safely  giv^en  to  the 
United  States  (icological  Survey,  whose  members  are  rigidly  prohib- 
ited by  law  from  having  any  pei*sonal  or  private  interest  in  the  lands 
or  mineral  wealth  of  the  region  under  survey.  Such  informaton  will, 
if  desired,  be  regarded  as  strictly  confidential,  and  a  signed  agreement 
b}^  the  Director  to  that  eflfect  will  be  given  if  requested.  When  con- 
fidential samples,  i-ecords,  or  other  information  are  received  they  are 
stamped  "Confidential"  and  the  material  is  securely  cared  for. 

COOPERATION    WITH    STATE   GEOIXXJI8TS. 

In  a  num})er  of  States  arrangements  for  coo[)eration  have  been  made 
with  State  or  local  geologists.  Two  sorts  of  arrangements  have  been 
made.     In  Alabama,  Iowa,  Michigan,  Minnesota,  and  West  Virginia* 
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the  local  geologists  have  furnished  clippings,  names  of  drillers,  notices 
of  wells,  and  other  information  or  assistance.  In  Kentucky  and 
Maryland,  on  the  other  hand,  the  State  geologists  act  as  the  Survej^'s 
representatives,  collecting  the  samples  and  records  at  the  local  offices 
and  forwarding  them  to  the  Washington  office. 

PUBLICATIONS. 

It  is  intended  to  issue  annually  a  report  giving  the  result  of  the 
year's  work.  The  present  paper  is  the  first  of  the  series  and  repre- 
sents the  material  received  during  the  first  six  months  of  the  operation 
of  the  work.  Being  the  first  report,  it  will  differ  somewhat  from  those 
which  are  expected  to  follow,  in  that  an  account  of  the  organization 
and  methods  are  incorporated  in  addition  to  the  well  data.  The  gen- 
eral plan  is  to  present  each  year  a  list  of  persons  cooperating  in  fur- 
nishing samples  or  records,  a  summary  of  the  wells  reported  and  the 
results,  and  detailed  records  of  wells.  It  is  believed  that  the  success 
of  the  work  depends  largely  on  making  the  material  immediately 
available  to  drillei"s,  well  owners,  and  geologists  rather  than  holding 
it  for  complete  reports,  which  can  generally  be  prepared  only  after 
many  yeai-s  of  work,  during  which  the  information  would  be  relatively 
inaccessible  to  those  outside  the  Survey.  Detailed  reports,  however, 
afford  comprehensive  views  of  the  fields  treated,  which  are  not  afforded 
by  isolated  records,  and  are  to  be  prepared  as  opportunity  offers. 
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WELL  RECORDS. 


By  E.  F.  Lines. 


The  records  which  follow  were  reported  in  1904.  A  summary  of 
all  the  records  received  is  given  in  the  tables,  and  detailed  reports 
of  the  more  important  wells  are  given  on  page  78. 

The  sources  of  information  are  the  records  in  drillers'  notebooks 
and  on  record  forms,  letters,  drafts  of  well  sections,  and  samples  of 
borings. 

SUMMARY  OF  WEIiL  DRIIilill^G  REPORTED  IN  1904. 

Abbreviations  used  in  table. 
O,  owner. 

C,  contractor. 

D,  driller. 

M,  miscellaneous  sources  of  authority  other  than  owner  or  driller. 

L,  Survey  possesses  a  log. 

S,  Survey  possesses  samples. 

—  under  "  Height  of  water/'  distance  of  surface  of  water  below  the  mouth  of  the  well. 

+  in  same  column,  distance  water  will  rise  in  an  open  pipe  above  the  mouth  of  the  well. 

Under  "  Diameter"  a  series  of  figures  Indicates  different  diameters. 

41 
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Snmtnartf  of  well  driUiny 
ALABAMA. 


No. 

County. 

Location. 

T. 

R. 

S. 

Owner. 

<  Contractor. 

1 

Covin.xton 

Madison 

Andalusia 



Frank  Sutter 

? 

Hazclgreen,  well  No.  3 

I'niontown,  10m.  S.  of. 

- 
Alexander  City,  well 
No.  2. 

New    York    and 
Alabama  Oil  (U>. 

G.  B.  JohUKton  ... 
Alexander  City  .. 

' 

3 
4 

Perry 

Tallapoosa 

23 

21 

27 

John  I.  Hawk  .. 
J.O.Heflin&Co. 

Arkauaas . 
....do.... 


Dewitt . 
do.. 


ARKANSAS. 

4S.    3VV. 
5  8.     3W. 


....do. 
....do. 

do. 

Pike... 


Stuttgart 

Stuttgart.  15nj.SK.of. 

Stuttgart 

Bowen 


4  I       12 


Mrn.  El  la  Johnson,    (iunter  Bros 

Harry  Meritt ilt> 


EddBeity do 

Fred  HulTwan I do 

G.H.  Kline do 

J.  D.  Hewitt J.  B.  Dillon. 


CALIFORNIA. 


Kern 

....do 

Monterey 

San  Diego 

San  Francisco. 

do 

Santa  Cruz 

Tulare 


(Button  Willow.  4  m. 
\    N.of. 


Delano,  18 m.W.  of.... 


}- 


Seaside 

Point  Loma . 


23 


San  Francisco. 


...do 

Walxonville. 


I      I 


Waukena  . 


C.  B.  Crawford  ... 


Frederick  Cox... 


B.N.Baker 

KatherineTingley 


J.  L.  Flood. 


.do. 


City  . 


Waukena    Water 
Co. 


T.  A.  Pursell. 


F.  U.  Pursell... 


F.  V.  Pursell  . . 


a  See  detailed  record  at  end  of  table. 
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SUMMARY    OF    DRILLING. 


ALABAMA. 


43 


Driller. 

1 

< 

0. 
M. 

D. 

C. 

1 

Depth 
to  prin- 
ciipal 
water 
or  oil 
supply. 

Heiffht 
water. 

Yield  per 
minute. 

Year 

Kind  of 
well. 

Remarks. 

i 

6. 

com- 
plet- 
ed. 

No. 

Ft   j/n. 

420  L... 

Ft. 
C67 

Gal6. 

Gals, 

1904 
1904 

1904 

1904 

Water. 
Oil  .... 

Water. 

..do.... 

1 

H.  B.  Conover.. 

954 

8:5 

300 

.... 

Nooil;  yields  8onie 
Kiis.     (L.8.) 

WHter  .stratum  at 
•.7.fit<    (L.S.) 

Water  .stratum  at 
80  feet.    (L.  S.) 

? 

1  John  I.  Hawk.. 

F.  Osgood  and  J. 
Otis  Heflin. 

4-3 

10 

855 
2tiO 

-  40 

10 

65 

s 

4 

ARKANSAS. 


GunterBros 

...do 

C. 

V. 

C. 
C. 
C. 
C. 

9<i 

lOI 

95 
103 
100 
170 

2 
2 

95 

98 

8 

1904 

19(M 

19(H 
1904 
1904 
19(M 

Water  . 
..do.... 
..do.... 

Water  stratum  at 
66  feet. 

Abundance  of 
water. 

do 

.    do 

2 

98 
100 

8 

do 

...  .do 

..do.... 

J.B.Dillon 

..do.... 

Strong  flow.    (L. 

S.) 

1 

7 

8 
9 
10 


CALIFORNIA. 


T.A.  PureelL... 

C. 

365 

F.  IT.  Pursell.... 

('. 

S-iHl 

M. 

() 

617 
400 

A.  L.  Lowe 

M. 

136 

do  .     . 

M. 

166 
150 

86H 

F.  U.  Furaell  . . . 

1 

C. 

10 


311 
323 
346 


610 


470 


1904 


30 


253  ! 


24 


1904 


1903 


Water  . 


.do . 


..do. 
..do. 


19C4    ..do. 
1914    ..do. 


.do.... 


.do. 


f  Water  at  80,  109. 
131.167,176,229. 
242,  and  357  feet. 
(L.  S.) 

Water  strata  be- 
tween 484  feet 
and  bottom  of 
well.  Sulphur 
and  other  min- 
erals. 

Water-bea  ri  ng 
beds  at  270  and 
&40feet.     (L.) 

Elevation  of 
mouth  of  well 
256  feet.    A.  T. 

(L.) 

Abandoned. 

(L.8.) 

do 


Test  well.  Pro- 
duces 400  gal- 
lons a  minute. 


12 

13 
24 


16 
17 


18 
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Summarif  of  veil  drilling 
COTX>RAI>0. 


No. 

County. 

Location. 

T. 
35 

R. 

KM  W 

s. 

Owner. 

Contractor. 

19 

Denver 

Kiowa 

Denver 

•JO 

Dr. Albert   A. 
Clough. 

Missouri    Pacific 
Rwy.  Co. 

do 

?n 

Harwell 

?i 

.  ..do. 

Stuart              

rt?? 

Otero 

Lajunta 

Lajunta  Oil  And 
Gas  Co. 

23 


CONNECTICUT. 


Fairfield Noroton. 


.do. 
.do. 


do.... 

Stamford. 


Hartford Farmington . 


.do. 
.do. 

.do. 

.do. 


New  Haven  . . . 


.do. 
.do. 


do 

New  Britain 


Meriden 


Mrs.  Anson  Phelps 
Stokes. 


Wee  Bum  Land 
Co. 

William  Dashiell. 
C.  F".  Fienemann. 


Williams.  Miles do. 

H.  T.  Stenson do. 


Albert  Lynch  .. 

....do 

do 

E.  D.  Hammond 


((lustav     Wollen- 
l    berg. 

Town   of    New 
Britain. 

J.  W.  Britney 


j....do. 


.do. 


.do. 


FIX>RI1>A. 


Franklin Carrabelle  . 


Polk Bartow 

St.  John St.  Augustine  . 


CarrabelleOlland    W.F.Hamilton. 
Development 
Co. 

City  of  Bariow 

Hotel    Ponce   de 
Leon. 


a  See  detailed  re^'ord  at  end  of  table. 
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reported  in  1904 — Continued. 


cojAynADo. 


DriHer. 


T.  Carlton  K«)o- 
gle. 


1 

5 

Depth 
toprin- 
cfpal 
water 
or  oil 
supply. 

Heiffht 
water. 

Yield  per 
minute. 

Year 

a 

com- 
plet- 
ed. 

M. 

In. 

Ft. 

GaU.   GaU. 

260 

4 

61 

230 

-  88 

-  45 

1902 

54 

[      25 

1903 

49 

lOi 

-  30 

1      50  1  1902 

1,703 

.     ' I 

• 

Kind  or 
well. 


Water 
.do... 


..do... 
Oil.... 


Remarks. 


Yields  soft  water . 

Abandoned  on 
account  of  de- 
crease in  yield. 
(L.) 

(L.) 

(L.8.) 


No. 


19 


20 


21 
22 


CONNECTICUT. 


Albert  Lynch  , 


I 


.do 


(iet)Tge    North- 
rop. 

Delbert  Howe . . 


.do. 
.do. 

-do. 

.do. 

.do. 


c. 

491 

^i 

c. 

142 

6 

r. 

69 

6 

c. 

40 

6 

c. 

.SO 

6 

c. 

37 

6 

c. 

118 

6 

c. 

167 

6 

c. 

65 

6 

120 
60 
36 

50  I 


-  12 


108  !     -  40 


1908 

Water. 

1904 

..do.... 

1901 

..do.... 

1904 

..do.... 

1904 
1904 

..do..,. 

..do.... 

1904 

..do.... 

1904 

..do.... 

l9fH 

..do.... 

Water-bearing 
beds  at  900  and 
350  feet.  Water 
hard. 

Yields  hard  water. 


Pumps  from  20  to 
90  gallons  per 
minute.    (L.) 


(L) 

(L.S.) 

Water  at  76  and 
166  feet.   (L.S.) 

Water  at  40.   50. 
and  60 feet.  (L.) 


23 


24 
'25 
26 

27 
28 

29 

30 


FLORIDA. 


1 
W.F.Hamilton. 

M 

265 
725 

t 

' 

1904 
1904 

Oil  .... 

Water  . 
..do.... 

Drilling  sus- 
pended. (L.S.) 

(L.S.) 

"Flagler   Well." 
Flow  at  468, 
1,110,  and  1,200 
feet.    latter 
"milky  with 
lime."    Flow 
alsoatl,226feet. 
(L.) 

32 

1 do M. 

! 

1 

33 

1 '  M-   1-278 

1 

1 

34 

t 

1 

1 
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Summary  of  well  drilling 
GEORGIA. 


No. 

County. 

Location. 

T. 

R. 

S. 

Owner. 

Contractor. 

35 

Berrien 

Burke  

Tifton 

H.  H.  Tift 

M.  H.  Junard.. 

36 

Midville 

Allen  W.  Jones... 
City 

W.H.Brown... 

37 

Lee 

Smith  vllle 

38 

Walker 

do 

Chiekamauga  Park  . . . 

U.  8.  Government. 

;w 

do 

do 

IDAHO. 


40 


Fremont 


Dubois . 


'  San  Peiiro,  Los 
I  Angeles  and 
I  Salt  Lake  Rwy. 
I      Co. 


L.  J.  Craig. 


ILLINOIS. 


41 

Adams 

B«x)ne 

Payson 

Jos.  Scarborough  . 

(Chicago     and 
{    Northwestern 
I    Rwy. 

Hoblltzell  &  Co.  . 

A.  J.  Clark 

a4? 

Belvidere 

1 L.  Wilson  Well 
(    ^- 

43 

Clark 

Dave  Lee  farm 

44 

do 

John  Newlin  farm 

do 

45 
«46 

047 

do 

Phillips  farm 

I":"*" 

.  ..  do 

Dupage 

Henry 

Naperville 

! 

(Naperville  water 
\    Works. 

/Kewanee    Boiler 
\    Co. 

L.  Wilson  Well 
Co. 

J.  P.  Miller  Arte- 
sian Well  Co. 

W.   J.    Miller's 
Sons. 

W.  M.  Bolles... 

...do 

Kewanee 

15  N. 

31> 

4M 

Lake 

Llbertyvillc 

49 

50 

do 

do 

Russell,  5  m.  SW.  of... 
Russell 

46 
46 

45 

18 
22 

1 

Wilson  King 

Estate  of  George 
Shea. 

W.  H.  Finch 

Streator  Bottle 

51 
w57 

.....do 

Waukegan 

do 

Lasalle 

Streator 

L  Wilson  Well 

and  Glassworks. 

Co. 

oSee  detailed  record  at  end  of  table. 
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reported  in  1904 — Continued . 


GEORGIA. 


Driller. 

< 

t 

'V 

i 

5 

Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 

Height 
water. 

Yield  per 
miDute. 

Year 
com- 
plet- 
ed. 

1901 
1901 

1890 
1904 

1904 

Kind  of 
well. 

Water  . 
..do.... 

..do.... 
..do.... 

..do.... 

Remarks. 

1 

d 
S 

£ 

Galg. 
150 

106 
183 

No. 

M. 

O. 

M. 
M. 

M. 

Ft.     In. 
368       K 

Ft. 
330 

700 

305 
305 

-125 
+  47 

+  18 

to  * 

+  24 

-  25 

-  25 

GaU. 
75 

! 

Hard:  some   sul-  >     35 

760 

900 
306 

5 
4-3 

phur.    Temper- 
ature 73° 

Hard;    iron    and 

36 

O.L.Herrington 

sulphur.  Water- 
bearing beds  at 
200. 300,  and  450 
feet   Tempera- 
ture 68°. 

Soft.  Water-bear- 
ing beds  at  350 
to400feet.  Tem- 
perature 73° 

Hard.    Water  at 

1" 

306     10 

110  and  290  feet. 
In  dry   sea^ton 
water  falls    to 
-100  feet. 

ThiswellislOfeet 

39 

from  one  above; 
pumping    one 
lowersthe  other 
correspond- 
ingly. 

IDAHO. 


c. 

616 

50 

1903 

Water  . 

Water-bearing 
beds  began  at 
375  feet. 


ILLINOIS. 


H.    W.    Ham- 
brecht;  H. 
[    Hemhoff. 

J.  N.  Schell 

...do 

C. 

I" 

O. 
0. 
0. 

D. 

c. 

c. 
c. 
c. 

D. 

1,542| 

l,23l| 

360 
354 
385 

1.425| 

1,07a 
179 

256 

175 

205 
1,115 

5|- 
4i 

10- 

8-6i 

[      167 

} 

-150 
20 

13 
180 

19(M 

1903 
1904 

Water . 
..do.... 

"" 

.do.... 
..do.... 

Water . 

..do.... 
..do.... 

r  Fresh  water  from 
1    167  to  1.000  feet, 
1    brine  at  800 and 
I    1,400  feet. 

[Water-bearing 
1     beds  at  574.  834. 
1    1,070,  and  1,231 
I    feet.    (L.) 

Oil  at  360  feet 

Oil  at  354  feet 

Oil  at  385  feel 

Water-bearing 

beds  at  792  and 

1    1,425  feet.    (L.) 

(^>al,  3  feet,  at  187 
feet;    water  at 
416  feet.    (L.S.) 

Water-bearing 
beds  at  11  and 
45  feet. 

Water  stratum  at 
160  feet. 

Soft;  sulphurous. 

(L.8.) 

(L.S.) 

Water-bearing 
beds  at  596,  706, 
834.  1.056,  and 
1.096  feel.    (L.) 

41 
43 

1901 
1904 

1904 
1904 

44 

....do 

1 

45 

H.   W.    Ham- 
brecht:  H. 
Hemhoff. 

jL.  Nichols;  Wm. 
1    Trentlage. 

W.M.  Holies.... 

do 

do 

12- 
10- 

H-6» 

12- 

lOi- 

8|-6 

1 

I ■ 

140 
80 

1  *" 

1 

954 
to 
1,073 

-350 

...... 

1" 

48 

41 
4 

4 

H-6 

265 
175 
205 

25 

19(M 

..do.... 

..do.... 

..do.... 
..do.... 

49 

-12 
-59 

20  '  19(M 

IK  ,  1904 
130     1902 

50 
51 

H.    W.    Ham- 
brecht;    H. 
Hemhoff. 

a  52 

Digitized  by  VjOOQIC 


48  RECORD   OF    DEEP    WELL    DRILLING    FOR    1904.         [bull.  264, 

Summary  of  well  drilling 


ILLINOI}^-Continued. 


No. 


53 


54 


59 


County. 

Location. 

T. 

R. 

S. 

Owner. 

Contractor. 

Lasalle 

Streator 

Streator   Clay 
Manufacturing 
Co. 

Village  of  Hebron 
L.B.Covell 

L.  Wilson  Well 
Co. 

W.   J.    Miller's 
Sons. 

.  ...do.. 

McHenry 

....do 

Hebron 

Richmond 

46 

K 

9 

9 
10 

....do 

do 

40  1        H 

F.  McConnell 

do 

Springfield,  4A  m.  N.of . 
do 

16  N. 

5W. 
..do. 

City 

....do 

do 

....do 

do 

..do. 

do 

Will 

Crete 

C.  and  E.  I.  Rwy. 
Co. 

INDIANA. 

61 

Dekalb 

Delaware 

do 

Garrett 

/Baltimore  and 
\    Ohio  Rwy.  Co. 

Brewster  Oil  Co... 

Eureka  Oil  Co 

Harmon  Water 

n6? 

/Albany.    Whltehair 
\    farm,  well  No.  1. 

Muncie,  4  m.  S.  of 

1-     - 

'24 

Supply  Co. 

/St.  Marys  Drill- 
l    ingCo. 

6;^ 

J 

«64 

Jay 

/Redkey,     Hoppin 
\   heirs  farm,  well  No. 5. 

}- 

E. 

24 

(DunkirkandRed- 
t    key  Oil-Gas  Co. 

k).O.McCormic. 

INDIA] 

VTE 

RRII 

roRi 

'• 

65 

Cherokee   Na- 
tion. 

Osage  Nation.. 

Bartlcsville 

66 

Pawhuska 

X^^  VI 

r  A., 

67 

Bremer 

Cedar  

Frederika 

Pioneer  Prospect- 
ing Oil  Co. 

City 

L.  Wilson  Well 
Co. 

<?68 

Tipton 

n69 

Cherokee 

Des  Moines.... 
Scott 

Woodbury 

Cherokee 

92 

40 

28 

(Cherokee     SUte 
t    Hospital. 

Iowa  Soap  Co 

Independent 

Malting  Co. 
.Tohn  Bnshiir    

* 

} 

R.  J.  Johnston... 

a  70 

Burlington 

«71 

Davenport 

L.  Wilson  Well 

7? 

Sioux  City,8  m.  NW.of . 

Co. 

1                       

a  See  detailed  record  at  end  of  table. 

©See  detailed  record  in  report  of  Iowa  Geological  Survey,  Vol.  Ill,  p.  197. 
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SUMMARY    OF    DRILLING. 


49 


reported  in  1904 — Continued. 


Driller. 


/L.C.  and  W. 
\    Trow. 

do 


ILLINOI8-Contlnued. 


«       o. 


H.  W.    Ham-  ,  I), 
brecht:   H.  ' 
Hemhoff.         1 


J  M. 


-i  M.  I 


Ft. 

773 


2«9 


92 
46 
4i 

49 

276 


In. 
<^7' 


I 

I  Depth 
to  prin 
I  cipal 
t  water 
or  oil 
supply. 


Fl. 


2.^8 


35 
275 


HeiKht 
water. 


Yield  per 
minute. 


Gdl$. 


-25 


Gals. 
94 


12 

12 
350 


INDIANA. 


I  A.  D.  Harmon..    C. 

fWm.     Walters:   \n 
\    Wm.JamiBon. 'r'- 


'Ol^*"} ' 190 


Year 
com- 
plet- 
ed. 


1903 


1904 

190L 
1904 
1904 


1904 
1904 


Kind  of 
well. 


Water 


.do.... 


.do.... 


Remarks. 


Coal  at  223  feet: 
Are  clay  at  236 
feet  This  clay 
used  for  mak- 
ing tile.    (L.) 

Water-bearing 
stratum  60  to 
148  feet.  Water 
muddy.    (L.) 

(L.S.) 


.do.... 

..do....    (L.S.) 

.-do....    (L.S.) 

..do The  3   wells  are 

100  feet  apart. 

(L.S.) 

(L.S.) 

.do I  Hard  water  at  200 

feet. 


1901     Water . 


1901     Oil  .... 


1,262  H-6J ' '. 

H.J.  Hughes...'  M.  1,213 ' ' j  19(H  '..do....| 

{"?*'2o'.AtlL'?t''*|M.1.385{^^^^  ; ,     ^5!l90.L.do....{«-t)'^    '^'^ 

til  '        '        !  I 


No. 


(L.  S.) 

/Small  amount  of 
\    oil.    (L.  S.) 


53 


hi 


55 

56 
57 
58 

59 
60 


61 

62 
63 


INDIAN  TERRITORY. 

1 M. 

,,700  ... .: 

1            ' 

Oil  at  1.286   feet. 
(L.) 

Waterat  1,145  feet. 
Gas  pressure  at  | 
2,000   feet   pre-  ; 
vented  further 
drilling.    (L.)     | 

65 

M. 

2,000    

66 

■1 

1 
i 

H.  W.  Ham- 
brecht,  H. 
HemhoiT. 


D.    1,025   »-6i  . 


W.N.Treichler.   M.  2,699 


I 


B.  J.  Johnston . .   ('.      307      Wi  4a5 

!D.   1,300   10-H  1,060  I 
I 

Jacc  Carter M.       98   '  90 


1H.  W.   Hai 
brecht. 
H.  Hemhoff. 


BuU.  264—06—4 


IOWA. 


O.G.Wilson....  M.   l,120{*''^g  }  1,120       -206 


50 


46 
310 


1902 

Water . 

..do.... 

1902 

..do.... 

1904 

..do.... 

1904 

..do.... 

1904 

..do.... 

Water-bearing 
beds  at  367,  717, 
and  883  feet. 
Well  drilled  for 
oil.    (L.) 

(L.8.) 

Water-bearing 
beds  at  225,  376. 
405,  476,  and  635 
feet.  Tempera- 
ture 60°.  Wa- 
ter hard.     (L.) 

(L.S.) 

1  Water  b^an  to 
flow  at  depth  of 
996  feet.    (L.) 

(L.8.) 


67 


68 


-.0 
71 


I 


!>  Barrels  a  day. 
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50  RECORD    OF   DEEP    WELL    DRILLING   FOR   1904.         [bull.  264. 

Summary  of  weU  drilling 


KANSAS. 


Location. 


Laharpe  ... 
Hoisington. 
Rosalia 


T. 


Hale.    J.  W.  Darbro        82 
farm,  well  No.l. 


Hewins  . 


a78     Greeley Horace. 

(ireenwood Eureka  , 


35 


Neal.    Robb  farm,        25 
well  No.'  3. 

Neal 


12 


Montgomery  ..|  Independence. 
(HeckartNo.  1). 


do Independence.     (Lo- 

I    gan  No.  1). 

Neosho Chanute.     S.     Smith 

farm,  well  No.  22. 


do 

Pottawatomie . 

Reno 

Rush 

do.... 

Sedgwick. 
Woodson  . 


Rollln  (near) . 
Onaga  


I 


Haven,6m.S.  of 

Bison 


McCracken  . 

Andale 

Toronto 


34 


26 


19  £. 
11 


3W. 


10 


Owner. 


Contractor. 


Missouri  PaciHc 
Rwy.Co. 


Darbro  Oil  Co  ... .   C.  F.  Noble 


Sterling  Oil  and 
Gas  Co. 


Missouri  Pacific 
Rwy.  Co. 


RaiT  &  Gammon . 


Yoke  &  Brown. 


.do. 


I.  N.Knapp. 


Shaw  farmeis  . 


J.  F.  Eabling 

Missouri     Pacific 
Rwy.  Co. 


....do. 
M.Lill. 


Alexander 
Bro«.<&  Stauf- 
fer. 


Kennedy  <S:  Son. 


Patton  *  Wol- 
lord. 


.do. 


Bennett  &  Rob- 
bins. 


E.A.  Roberaon. 


E.  A.Rober»on. 


KENTLXKY. 


Warren. 
do.. 


Bowling  Green 

Bowling  Green,  6  m. 
NW.  of. 


Warren       Petro- 
leum Co. 


a  See  detailed  record  at  end  of  table. 
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StTMMARY   OF    DRILLING. 


51 


reported  in  1904 — Continued. 


KANSAS. 


Driller. 


Ft. 
1,060 

200 

2.062 


|\V.B.Fro«t:LeeV  M. 
\    McClung.       /' 


In. 


10- 
1,106  7si- 

1,479  m 


1,370     10 


Depth 
to  prin 
eipal 
water 
or  oil 
supply. 


Ft 


184 


1,325 


in 


»(0 


Height 
water. 


Yield  per 
minute. 


o 
OaU. 


-830 


{('.  A.  Williams;! 
\    D.  Hurst.        / 


O.  |l,04l   Hi-3 


r.  A.WUliaras..   (>.   1,1(50 
RoyBair M. 


Bennett  &  Rob- 
bins. 


E.  A.Roberson.. 


E.  A.Roberson.. 


,f8|- 
'\6i 


a 

A 

OaU. 


662   .... 
602  3-2 


39 


I 


12-5' 


52   10-6! 
1,140 


640 
540 


39 

282 


278 
50 


^ 

5 

-55 



65 


65 


I 


Year' 
com- 
plet- 
ed. 


Kind  of 
well. 


1900     Water 


on. 


Remarks. 


(L.). 


1901   ..do.... 


No. 


73 


.do... 


1901     Water 


1901  I  Oil. 


Salt  water  at  733 
and  1,360  feet. 
Water  at  1,710 
feet.  Drilling 
suspended. 

Salt  water  at  866 
and  800  feet. 
Very  little  oil. 

Salt  water  at  510, 
775,  and  1,060 
feet.  Pay  sand 
1446-1474.     (L.) 

(Water  at  825  and 
I  1,326 feet.  Well 
I    abandoned.  (L.) 

Brine  at  499  feet. 

(Water- stratum   \ 
•\    at882feet.  (L.)    j 


76 


76 


77 


79 
80 


1904     Gas.... 

1904    ..do.... 
1904  I  Oil  .... 

1904    ..do.... 


1901 


1901  I  Water 
'..do... 


1901  :..do.... 
1904  Ldo.... 


Yield  11.000,000 
feet  flrst  24 
hours.    (L.) 

Water- be  a  ring 
beds  at  275,  640, 
and  895  feet. 
Yield  18.000,000 
feet  lirst  24 
hours.    (L.) 

Water  at  30,  128, 
621  feet.  Brine 
at  385  feet.  Oil 
at  720.  724,  7*28 
feet.    (L.  8.) 

The  oil  grades  32<». 
(L.) 

Gas  and  flowing 
water  533  to  559 
feet.    (L.  S.) 

(L.8.) 

(L.) 


81 


82 


85 


87 
88 


(Water  mt  278  and  i| 
{    382  feet.    Salty.   \  89 
I    (L.)  ]| 

Water  at  30  feet.       90 
(L.) 

Oil  at  bottom 91 


KENTUCKY. 


I  M.  1,300 

I  M.  I    600 


Oil  ....    (S.) I     92 

..do * I     93 


6  Barrels  a  day. 
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52  RECORD    OF    DEEP    WELL    DRILLING    FOR   1904.         [bi  ll.  Xi. 

Summarff  of  u^U  drUling 
LOUISIANA. 


No. 

County. 

Location. 

T. 

R, 

S. 

Owner. 

i 
Contractor. 

94 

Calcasieu 

do 

Edgerley 

10        11 

22 

;                  1 

D.C.Brown j  V.  Wainright . . . 

Ix>ul8iana  Oil  Co. .    Osear  Shankft 

95 

Calcasieu 

96 

Rapides 

Vermilion 

PineviUe 



State  of  Louisiana 
A.B.Wilkinson... 

do 

97 

Gueydan,  5  m.  SW.  of . 

12 

2 

15 

V.  Walnright... 

MAINE. 


98  I  Androscoggin  . 


99     Oxford  . 


100     Sagadahoc 


Lisbon  Falls,  16  m.  W 

of. 

Runifonl  Falls j 

1 

Small  Point 

' 

Worombo Woolen  ,  Andrew  8.  Mer- 
Mills.  I      rill. 


Rum  ford      Falls     Chas.  Ray. 
Light  and  Wa- 
ter Co. 

(Jeo.  O.  Curtis Smith  &  Thayer 


I 


Co. 


MASSACHUSETTS. 


101  Hampden |  East  Longmeadow Frank  Bane F.  A.  Champlin  . 

102   do '  Springfield '  Andrew  Kewie do 

103    do Springfield,  4  m.  N.of ,  E.  Perkins do 

104    do do Thomas  Webb do. 


lOf)     Worcester North  Grafton 

106    do Shrewsbury 


107 
108 


.do. 
.do. 


Worcester . 
do 


A.W.Baker r,.W.  Patterson. 

J.  E.  Pufresne do 


M.  H.  Cowden do  . 

Mary  E.  Stevens..' do  . 


MICHIGAN. 


109 


110 

111 
112 


114 

115 
116 
117 


Berrien. 


HUlsdale . 


Iosco . 
Kent . 


Benton  Harbor. 


Prattville . 


Luce  . 


Mason Fountain 


East  Tawas 

Grand  Rapids  (Green- 
wood Cemetery). 

Newberry 


Oakland ;  Holly   .. 

Ontonagon  — 

Wexford Bagnall . 


4^         39 
-'3    12  W. 


Saltzman  Mineral 
Bath  Co. 


Henry  Fickley 

Michigan  Pipe  Co. 

City  of  Grand 
liiipids. 

Superior     Chem- 
ical Co. 


Cartwrlght  <fe 

Sherry.  I 


F.  Howard  . 


Martin  H.  Foster 


O.  L.  Taylor  A: 
Son. 

Jas.  Kinney,  jr.. 


City  of  Holly.. 

Leo  M.  Geismar 

4    Lewis  Maule  . 
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SUMMARY    OF    DRILLING. 


58 


reported  in  1004 — Continued. 


LOUISIANA. 


Driller. 


V.Walnright... 
Oacar  Shanks. . . 


do 

V.Walnright. 


Ft. 

536 

2.200 

428 
280 


12 


Depth  , 
to  prin- 
cipal 
water 
or  oil 
supply. 


Yield  per 
minute. 


Ft. 

390 
1,005 


150 


Height 

of      , 

water.  ' 


L 


GaU.  CaU. 
0  1  225  |l,800 
250 


I 


Year 

com- 

Kind of 

plet- 

well. 

ed. 

1904 

Water. 

1901 

1904 

1904 

Water. 

Remarks 


(LS.) 

Well  yields  very 
warm,  saltv  wa- 
ter.   (L.8.) 

(L.S.) 


Temperature  60°. 
Water  hard. 


No. 


94 
95 


97 


MAINE. 


C.£.Shute. 


[John  White:l 
I  Walter  Follett.  I 


M. 


J. J. McDonald..   D. 


215 


100      6 


63  1 

35 

25 
2 

1904 

1904 
1904 

Water  .' 

20    

1 
..do....l 

79    

..do.... 

1 

1 

Hard  water  at  23 
and  75  feet. 
Temperature  54°, 
(L.  8.) 

(L.S.) 


98 


99 


100 


M  ASS  ACHUSETTS . 


James  Egan  — 

....do 

....do 

....do 

Geo.  W.  Carman. 
do 


-do. 


.do. 


75 

e 

75 

275  6-li 

260 

60       6 

50 

59       6 

50 

27i.    G 

26 

80  1    6 

58 

48 

G 

47 

41 

G 

2 

1901 

20 

1904 

1 

1904 

2i 

1901 

30 

1904 

5 

iyo4 

' 

1904 

1904 

Water  . 

.do.... 

(L.S.) 

.do.... 

.do.... 

.do.... 

Soft.    (L.) 

.do.... 

Water  at  35  feet. 
Soft.    (L.S.) 

.do.... 

Water  at  28  feet. 
Soft.     (L.) 

.do.... 

Water  at  30  and 
35  feet.  Pumps 
G  gallons  an 
hour.    (L.) 

MICHIGAN. 


Cartwright  & 
Sherry. 

P.  Howard 

M. 

C. 
(). 

750  '     8 

lOG  1     3 
271   1     ft 

'      -:^ 

105 

_. 

.   1    . 

Fred  Taylor 

F.  F.  Copeland . 

FredSherer .... 

1).  '     3G4    G-5 

2G4 

100 

(\        100 



20 

O. 
M 

97 
184 

2 

97 

J.  A.  Colwell... 
Lewis  Maule... 

I). 

Oft 

C.        \GS 

2 

-97 



1904 

1900 
1904 


1904 


Water 


..do... 

Salt... 
Water 

..do... 


-.do. 


1904  ..do... 
1904  ...do... 
1904  .-do-.-. 


Yields  abundance 
of  strong  min- 
eral water.   (L. 

S.) 

Iron  and  sulphur. 

(L.S.) 

(L.) 

(L.S.) 


One  of  a  series  of 
9  wells.  All 
about  same 
depth  and  yield. 
Temperature 
42°.     (L.  S.) 

Water  at  32  feet. 
Hard. 


No  water.  (L.S.). 
(L.) 


101 
102 
103 
104 
105 
106 

107 

108 


109 


111 
112 


113 


114 

115 
116 
117 
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54  RECORD   OF    DEEP    WELL    DRILLING    FOR    1904.         [bull.  264. 

Summary  of  n^U  driUing 
MIXNESOTA. 


No. 

County. 

Location. 

T. 
102 

R. 

21 

8. 
6 

Owner. 

Contractor. 

118  !  Freeborn 

Albert  Lea 

John  Tennis 

City  of  Atwater... 

Northern  Pacific 
Rwy.  Co. 

H.Shaw 

J.  E.  Sharp 

J.  F.  McCarthy. 
do 

119      Kandivohi  .... 

Atwater 

120 
121 

Polk 

Fertile 



Steele 

Blooming  Prairie 

MISSISSIPPI. 


al22 

123 
124 
125 

al26 


Hancock  . 

,..\.do.... 
Harrison  . 
do... 

Jack.son  .. 


Bay  St.  Louis  . 


Waveland 


Pass  (Christian,  3  m. 
E.  of. 


Mosspoint. 


Peerless    Oyster 
Co. 


Chas.  L.  Hopkins  . 

Misses    Milten- 
berger. 

Gulf  and   Ship 
Island  R.  R.  Co. 


John  A. Slitter. 


.do. 
.do. 
.do. 


L.  N.  Dantzlcr  " do. 

Lumber  Co.         i 


MISSOURI. 


ol27     Randolph ;  Moberly 


128 
al29 


St.  Louis  City..!  St.  Louis. 


.do. 


.do. 


46  N. 


A.  P.  Phillips . 


C.D.Gamett H.W.SteinsIek. 

Welle  Boultler     C.S.Wiso. 
Baking  Co. 


MONTANA. 


130 
131 


Flathead  . 
Teton 


Kintla  Lake 

Chief  Mountain  Lake. 


Butte  Oil  Co  . 


<i  See  detailed  record  at  end  of  table. 
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SUMMARY   OF   DRILLING. 


55 


reported  in  1904 — Continued. 


MINNESOTA. 


Driller. 


J.  E.  Sharp . 


E.  Espy. 


E.    Christoffer- 
Bon. 

Jim O' Neil  .... 


Ft. 

127 

453 

296 
100 


Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 


Ft. 
116 


414 
280 


Height 
water. 


-1(M 


+    2 


Yield  per 
minute. 


GaU. 


I  Year' 
icom- 
d    IpJet- 
g    I  ed. 


GaU.l 


19(KI 


100     1904    ..do. 


Kind  of 
well. 


Water 


100  I  19(M 
19(M 


I 


.do. 
.do. 


Remarks. 


Hard  water  in 
abundance. 

(L.S.) 

Water  strata  at 
45.  100,  and  310 
feet.    (L.S.).... 

(L.  8.) 


Water  soft . 


No. 


118 

119 

120 
121 


MLSSISSIPPI. 


John  L. Ford...    D.  "    897      3  818   225   19(M     Water 


do 

John  Ford 

Archie  Dickson. 

John  L.  Ford . . . 


D.      775 

C.  !    747 
C.  I    590 

790 


700 
727 
500 

770 


165 
225 
100 

135 


1904 
1904 
19(M 

1904 


..do.... 
..do.... 
..do.... 

..do.... 


Water  at  690  feet, 
flowed  5)  gal- 
lons a  minute. 

(L.S.) 

Water  at  360  feet^ 

(L.S.) 

Water  stratum  628 
to747feet.  (L.8.^ 

Water  began  to 
flow  at  110  feet. 
(L.8.) 

(L.8.) 


122 

123 
124 
125 

126 


MISSOURI. 


A.  P.  Phillips... 

H.W.Steinsiek. 

jEd.  Meloy 

t  A.  W:  Dickinson. 

C. 

C. 

2,100 

518| 
650 

1902 

1901 
1904 

Oil 

Water  . 
Oil 

Water  at  632  feet.  '    127 

51- 

}      500 

16 

Brine  at  870  and  t 
l,215feet.  Water  l 
rose  to -70  feet. 
(L.)                       1 

(L.8.) '    128 

Wiiter  at  140  and  '   1*29 

185feet.  Ashow- 
ingof  oilafiHO.  | 
305.510,  and  600  ' 
U>  650  feet.    Dry  ' 
hole.   (L.S.)        1 

MONTANA. 


M 

1,405 
1,020 



M. 

f'30 

19(H 


Oil.. 
..do. 


Lubricating  o  i  I 
well.  Just  north 
of  United  SUtes 
boundary  line. 


130 
131 


b  Barrel.s  a  day. 
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56  RECORD   OF    DEEP   WELL    DRILLING   FOR   1904.         [bull.  264. 

Summary  of  toell  drilling 


No.  Ck)unty. 


132  Buffalo . 

133  I  Dodge . . 


134  Saunders . 

135  Webster.. 


136 
137 


138 
139 


140 


NEBRASKA. 


Location. 


Bhelton  . . 
Scribner  , 


Cedar  BlnfTs  . 
Rosemont 


T. 


R.       S. 


VillageofShelton. 

Chicago  and 
Northwestern 
Rwy.  Co. 


City  . 


Contractor. 


NEW  HAMPSHIRE. 


Belknap 

Merrimack 

do 

do 

Sullivan 


New  Hampton. 
New  London... 


Potter  place.. 
New  London. 


Burkehaven  . 


Hanna  M.Walker. 

Chas.  G.  Davis 

Shepardi&  Gould. 
Chas.  Shepard 


Tuxbury  Bros. 


Q.W.  Patterson. 

Artesian  well 
and  SupplyCo. 

....do 

....do 


.do. 


NEW  JERSEY. 


ai41  I  Atlantic. 


142 


143 


.do. 


Cape  May  . 


144     Hudson  . 


145 

146 
147 

148 

"•I 

150 
151 
162 

153 

154 
155 


Middlesex. 

do 

....do 

do 


.do. 

.do. 
.do. 
.do. 

.do. 

.do. 
.do. 


Pleasantville. 


.do. 


Woodbine.. 
Jersey  City. 


Keasbey  .. 

....do 

Metuehen. 
....do 


Perth  Amboy . 


Perth  Amboy,3m.S.  of 

Perth  A  mboy , 

....do 


.do. 


Amboy. 
....do.. 


Raritan   Coffee 
Works. 

Standard  Under- 
ground Cable  Co. 


George  Seaman.n. . 

R.N.  and  H.Val- 
entine. 

a  See  detailed  record  at  end  of  table. 


Water  Depart- 
ment, Atlantic 
City. 


Woodbine    Land 
Co. 

Jno.  Mehl&Co... 


Wm.  Dunham... 

Mrs.  Jas.A.  Noye 

Mr.  Avery 

Mr.Berkold 

i  i 

Barber     Asphalt 
and  Paving  Co. 

Chas.  Bloomfleld. 

W.J.Daniels 


Ridpath  &  Pot 
ter. 

P.H.and  J.Con-i 
Ian.  * 


W.R.Osborne  .. 
...do 


.do. 
.do. 

.do. 

.do. 
.do. 
.do. 


StotthoffBros... 


W.  R. Osborne.., 
do I 


Digitized  by  VjOOQIC 
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8UMMABT    OF  DBILUNG. 
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reported  in  1904 — Continued. 


NEBRASKA. 


1 

1 

5 

Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 

Height 
water. 

Yield  per 
minute. 

Year 

Remarks. 

'         Driller. 

1 

6J 

< 

Flow. 
Pump. 

com- 
plet- 
ed. 

Kind  of 
well. 

No. 

M. 

D. 

M. 

M. 

Ft. 

m 

78 

124 
409 

In. 
6 

8 

Ft, 

451 

QaU. 

GaU. 

Water. 
..do.... 

One  of  a  series  of 
wells.    (L.) 

Two  wells  pump 
together  10.000 
gallons    per 
hour.    (L.) 

Water-bearing 
bed  at  57i  feet. 
Water  hard. 

Iron  ore  at 375 feet 
Oil  at  379  feet 
(L.) 

182 

L.  C.  Dewitt 

-12 

1904 

i:3 

W.A.Morris... 
Class  Rose 

147 

1904 

..do.... 

134 

136 

NEW  HAMPSHIRE. 


Geo.    W.    Car- 
man. 

N.  F.Harris.... 


.do. 
.do. 


.do. 


D. 


38 
218 


70 


195 
70 


-25 


1904 
1904 


1904 
1901 


Water  . 
..do.... 


.do.... 
.do.... 


.do.-.. 


No  water.  Aban- 
doned.   (L.8.) 

Water  soft  Tem- 
perature, 47°. 

Water  soft 

Water  soft.  Tem- 
perature, 50°. 
rL.8.) 

Water  soft.  Tem- 
perature, 47°. 


137 


138 
139 


140 


NEW  JERSEY. 


M 

M 

C 

M 

r 

c. 

M 

r 

c 

r, 

c. 
c. 

c. 

c. 
c. 

320  I     4i 

I 
I 

190  I    6 

1524  6-4 
.020       8 


85 
114 
32 
56 

50 

63 
52 
150 

153 

75 
50 


136 
125 


136 


60 

I 
50 


-110 


-23  ; 


50 


1903 


19C4 


1901 


125     1898 


{^|} 


1901 
1901 
1904 
1904 

1904 


1904 

1904 

140     1904 


1904 


Water 


..do. 


.do. 
.do. 


.do. 
.do. 
.do. 
.do. 

.do. 


Test  well.  Water 
at  35,  80.  and 
138  feet  Not 
pumped.  (L.S.) 

WeIINo.2.  Water 
stratum  180  to 
190 feet  (L.S.) 

Water  at  6.  106. 
andHOfeet  (L.) 

Water  at  780  and 
1.000  feet  Soft. 
Temperature 
64°. 

(L.) 

(L.) 

(L.) 

Water  in  abun- 
dance.    (L.) 

Two  wells.   (L.).. 


.do....   (L.) 

.do....l  (L.) 

.do....    (L.) 

.do....'  Well  No. 5.  Water 
I  stratum  at  90 
I      feet    (L.) 

.do....  (L.) 

.do....! 


141 


143 


144 


145 
146 
147 

148 

149 

150 
151 
152 


151 
155 
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Summary  of  u^U  driUivg 


164 

165 

166 

167 

168 
^9 

170 

171 

172 

173 

■174 


NEW  JERSEY— Continued. 


No. 

County. 

Location. 

T. 

R. 

S. 

Owner. 

Contractor. 

156 

Middlesex 

Monmouth 

Union 

Woodbridge 

T.  F.  Dunnigan  . . 

Borough  of  Atlan- 
tic Highlands. 

Henry  Deyan 

John  Bedon 

W  R  Osborne 

al57 

Atlantic  Highlands ... 

Ambrose    M  a  - 

158 

Cranford 

thews. 
F.  T  Cladek 

159 

do 

Elizabeth  on  Rahway. 

...    do 

160 

do 

Westfield 

Bertram  E.  Ball  . . 

do 

161 

do 

do 

Charles  Peifer 

do 

162 

Warren 

Martens  Creek 

Seitz  Brewing  Co. 

StotthoffBroe.. 

NEW 

MEXICO. 

163 

SanMiquel.... 

Chapelle 

A.  T.  and  S.F.R.R.   C.  H.  McVay  . . . 

1 

NEW  YORK. 


Allegany . . 

Herkimer  . 
Madison . . . 
Monroe 


Nassau  i>. 
....do... 


do 

do 

Onondaga . 
do 


Ceres  McDonald  farm, 
well  No.  1. 


Newport 

Georgetown  station . 
North  Rush 


Freeport . . 
Laurel  ton. 


•do. 


I 


Oyster  Bay  (near  Mill 

Neck). 

Bromley,  8  m.  S.  of — 
Tully 


.do. 


175  I  Richmond. 

176  !  Suffolk  .... 

177  ' do 


178 
179 


180 


....do 

Westchester . 


.do. 


Sea  Breeze 

Brentwood 

Cold  Spring  Harbor. 


Pinelawn 

Harrison,  3  m.  N.of.. 


.do. 


.do. 


J.  T.  Barnes . 


Ccmdensed    Milk 
Co. 

Mutual  Milk  and 
Cream  Co. 

State    Industrial 
School. 

City  of  Freeport.. 

E.  C.  Henderson., 


E.  C.  Strait . 


Alex.  T.Gibson. 


E.  A.  Jenkins.. 


.do. 


W.  R.  Peters. 


E.  K.  Hutchin- 
son A  Son. 


.do. 


School      district 
No.  11. 

Ovid  S.  Trail 


j  Sol  way     Process 
\    Co. 


Wm.  H.  MofRt. 
W.Jennings... 


A.  B.  Sobother. . . 
John  W.  Sterling 


.do. 


W.  R.  Osborne. 


Hudson  Engi 
neering  Co 


George  R.  Bliss 


.do. 


f'  See  detailed  record  at  end  of  table. 

6  For  additional  records  of  wells  on  Long  Island  see  Professional  Paper  No.  44. 
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59 


reported  in  1904 — Continued. 


NEW  JERSKY-ConUnued. 


Driller. 


Elian  Brower... 

F.  T.  Cladek.... 

....do 

....do 

.....do 

H.S.Bamett.... 


1  Depth 
to  prin- 
S      ctpal 

.    I  ^     water 

5    I  a     o'o*l 
g-    I  «    supply. 


3 
< 

s 

Q 

Ft. 

/». 

i\ 

32 

M. 

460 

4i 

C. 

121 

6 

C. 

67 

4* 

c. 

119 

44 

c. 

96 

5 

c. 

140 

6 

Ft, 
32 
412 


108 
90 
120 


Hei«:bt 
water. 


Yield  per 
minnte. 


Ckd: 


20 


-70 


Qal9. 


126 


Year 

com- 

ple^ 

ed. 


1904 


1904 
1904 
1904 
18  :  1904 
20  .  1904 


Kind  of 
well. 


Water 
..do... 


..do. 
..do. 
..do. 
..do. 
..do. 


Remarks. 


(L.8.). 


(L.8.) 

(L.S.) 

(L.S.) 

(L.) 


NEW  MEXICO. 


No. 


166 
157 

158 
159 
160 
161 
162 


i J.  Scully 
J.  Polley 
W.  Canfleld  , 


M. 

960 

13-8 

930 

-810 

25 

1903 

Water. 

iWater-bearing 
beds  at  120  and 
380  feet.  (L.) 


NEW  YORK. 


163 


/E.G.  Strait 

U).  Brumbaugh . 

}0. 

C. 
M. 

C. 

M. 
M. 

M. 

D. 
D. 
D. 

"I 

C. 
D. 
D. 

D. 
C. 

(J. 

1802 

96 
75 
115 

58 
126 

72 

112 

104 

973 
to 

8-6i 

51 

10 

8 

G 

5 
6 

1904 
1904 

Gas.... 

Water  . 
. .do  . . . . 

rOil  at  710  and  1,060 
feet;  gas  at  600 
and  1,110  feet: 
yield,  15.000  cu- 
bic feet  a  day. 

I    (L.8.) 

164 

90 
60 

-10 

165 

LAWsonB.Cuyle 
E.A.Jenkins... 
F.W.Miller.... 

1 

166 

-  5 

fiO 

19(M 
1904 

..do.... 

167 

600 

..do.... 
..do.... 

Series  of  wells.... 
Well  No.  1.  (L.S.). 

Well  No.  2;  30  feet 
from  No.  1.  (L.8) 

Abundance    of 
water.    (S.) 

168 

40 

-43 
42 

169 

' 

..do.... 

170 

C.  H.Davis 

L.  C.  Barber.... 
do 

' 

19M 

19(M 

1901 

(1899 
[1900 

1904 
1904 
1904 

19(M 
I9U4 

19(M 

..do.... 
..do.... 

171 

7 

7 

1?2 

..do.... 

173 

Brine.. 

Water  . 
..do.... 

21  wells.      Salt 
beds  at  depths 
between    935 
and  1,520  feet. 

I    (L.) 

Irony.    (L.) 

174 

1.526 

100 
37 

-  3 
-27 

25 

175 

J.  Elliott 

Frank  Wankel.^ 

J.Elliott 

CieorgeR.  Bliss. 

do 

::::: 

176 

400 

50 
265 

212 

8 

280 

75 

..do.... 
..do.... 

Water  at  276  and 
SOSfeet.   (L.S.) 

177 

-40 
-29 

-  4 

178 

6 
6 

250 
212 



Ih 
5 

..do.... 
..do.... 

Well  No.  1.  Water 
at    50,   85,  206, 
230.    and    245 
feel.    (L.8.) 

Well  No.  2,    Wa- 
ter  at   160  and 
200  feet.     (L.) 

179 
180 
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Summary  of  well  drilling 
NORTH  CAROLINA. 


No. 

County. 

Location. 

T. 

R. 

8. 

Owner. 

Contractor. 

1 

181 

Lenoir 

Kinston 

City  of  Kinston... 

OHIO. 


182 

CuvahofTA 

Cleveland 

Hamby  Realty  Co. 
S.P.Baldwin 

Dibble  A  Ernest. 
do 

183  1 dn 

Gates  Mill 

184 
185 

.   ..do 

.do..      .            

E.A.Foot 

do.. 

'           dn 

do 

Mr.Ginrich 

do 

186  '     ...do 

..do                  .  .  .. 

F.T.Showls 

do 

187    do 

South  Euclid 

Mr.CousinB 

do  .. 

188            do 

...  .do 

1 

U.FauBt 

^    

do . 

189 
190 

1 do 

do 

1 

Mrs.  K.Martins... 

do 

..do 

do 

F.  McFarland  .... 

do 

191    ...  do..  . 

South  Euclid,3m.NW. 
of. 

South  Euclid 

1 

Northern      Ohio 
Squab  Co. 

R.E.  Smith 

.do 

192  1 do 

1 

do.. 

193  Geauga 

194  1         do 

Auburn 

1          1 
1 , 

Corwin  Hall 

do 

Ctiardou 

1 

F.  Curtis 

do                    1 

195  '         do 

do 

1 

H.  Hadlon 

1 

do                    1 

196  1         do 

do 

Kiser  &  Winchel . 
William  Martins 

do 

197            do 

do 

1 

..  .  do 

198  1  ..  .do 

do 

i 1 

F.Stafford 

do 

199  1         do   ..     . 

Ford 

I 

W.  B.  Cleveland 

...    do 

200    do 

do 

1 

do 

do.. 

0201   1    Hnnortnlr 

FIndlay 

J 1 

C.  L.  Casterline... 
Brad  ford  Oil  Co.. 

G.  L.Cuaac 

202 

do 

Licking 

Mahoning 

do 

do 

do 

do 

Marion 

Montgomery  ..j 

Portage  Twp.    Smith 
farm.    Well  No.  8. 

Ctica,  7  m.  W.  of 

Youngstowu,  2  m.  W. 
of. 

Youngstown.Bm.E.of. 
do 

31 

203 
?04 



('entral  Ohio  Nat- 
ural   Gas    and 
Fuel  (^0. 

W.  H.  Lewis 

PearaaU&C«>... 

206 

1          1 
1 
( ' 

do 

206 
207 

do 

Youngstowu,  2  m.  N. 

of. 
Youngstowu,  6  m.  N. 

of. 
Martel 

1 1 



! 

do 

208 

do 

209 

210 

Dayton 

1 

Dayton  State  Hos- 
pital. 

Jas.  Kinney,  Jr.. 

1 

a  See  detailed  record  at  end  of  table. 
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reftorted  in  1904 — Continued. 


NORTH  CAROLINA. 


Driller. 

1 
1 

1 

i 
§ 

Q 

Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 

Heiffht 
water. 

Yield  per 
minute. 

Year 
com- 
plet- 
ed. 

Kind  of 
well. 

Remarks. 

Be' 

1 

d 

a 

No. 

W.  G.  Martin  . . . 

M 

Ft. 
810 

In. 

Ft. 

Gais. 

OaU. 

1904 

Water . 

(L.  8.) l«l 

OHIO. 


E.  Prince  . 


E.  Prince  ... 
E.  D.  Ernest. 
E.  Prince... 

do 

....do 


E.D.  Ernest 


George  Waite. . 


I 


O.P.Flke.C.Hill 


O.  P.  Fike . 


W.S.Emery.... 


do 

O 

..do 

O 

do 

do 

0. 
0 

G.W.Ward 

c. 

Ill 


30 
80 

85 

14ft 
59 
169 

186 
87 

123 
50 
22 
67 

121 
40 


75 

581 


;    103 
1,158 


1.414 


2,133  I 
!    140  I 


51 

5,;., 

511 

41'. 

4i 

5Ji. 


Hi  kh 


120 

611 

65      44| 

203 

8* 

251 

51 

474 

*... 

105 

10 

59 
169 


-40 


87 
110 

48 


120  : 


-15 


64 


100 


62 

190  I 

240  I 
450  , 


-60 


1904 

1904 
1904 
1904 

6  1904 

2  1904 
8  I  1904 

3  ;  19(M 
2 
2 


1901 
1901 

1904 
1904 
1904 

1903 

1904 
1901 
1904 

1908 

1903 
1904 


1904 
1901 


Water 

.do... 
.do... 
.do... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Three   wells. 
Small  yield. 

(L.)  

(L.) 

Well  in  old  river 
channel. 

(L.)  

(L.) 


..do. 
..do. 
..do. 

..do. 

..do. 
..do. 
..do. 

..do. 

..do. 
Gas^ 


(L.8.)  . 


!/Allquicl(sandbe- 
•  •  \    low  40  feet. 


,  Soft.. 


{Water-bearing 
beds  at  85  and 
260  feet. 


Oil  .... 
Gas.... 


ft     1904  I  Water 

I 


5     1904  > 

..do... 

4     1904  ' 

..do... 

20     1904 

..do... 

Water  at  50  and 
60  feet:  brine  at 
540  feet;  small 
amount  of  gas; 
well  abandoned. 
(L.S.) 

Oil,19feet  in  Tren- 
ton; second  pay, 
34  feet  in.  (L.8.) 

Yield,  2,500,000 
feet  first  24 
hours. 

Hard;  small 
quantity  of  iron. 

;    (L.) 

.,  (L.) 

-    (L.) 

.   80ft.    (L.) 


100     1904    ..do....    (L.) 


250  I  1900 


.do....|  (L.) 

.do....    Well  No.  1. 


182 

183 
1R4 
185 

186 
187 
188 
189 
190 
191 

192 
193 
194 

}l95 

196 
197 
198 


200 
201 


202 

203 

204 

205 
206 
207 

208 

209 
210 
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Summary  of  well  drilling 
OHIO— Continued. 


No. 

County. 

Location. 

T. 

R. 

8. 

Owner. 

Contractor. 

211 

Mont^^omery  .. 
do 

Dayton 

Dayton  State  Hos- 
pital. 

A.  Makley 

VillageofMiamis- 
hiiTg. 

F.  E.  England.... 

do 

Jas.  Kinney,  jr.. 
W.G.  Teeter.... 

212 

do 

2 

6 

29 

213 

do         .  .. 

Miamfiibm^ 

214 

Seneca  

do 

Foetoria 

W.  H.  Copley... 
do 

215 

....  do. 

216 

do 

do 

Mrs.Flicklnger... 

do 

217 

Bumniit 

Near  N.  end  of  Sum- 
mit Lake. 

do 

Water  Works  Co.. 
do 

Jas.  Kinney,  jr.. 
do 

218 

do 

219 

do 

Barberton 

Pittsburg    Valve 
and  FitUngsCo. 

Harry  Dayton.... 

do 

220 

do 

Trumbull 

Wayne 

do 

Boston 

DibbIe<&Eme«<t. 

221 

Cortland.   (Had sell 
well.) 

Orrville 

222 

Cyclone  Drilling 
Machine  Co. 

John  Jenny 

R.TAmbie  Drill- 
ing Co. 

223 

Orrvllle  . 

0224 

VVi»od 

(Portage.    Mrs.    L. 
\    Dienst  farm,    well 
I    No.  2. 

1' 

1 

HE.      6 

1 

G.F.Munn<&Son. 

Frank  Clough . . 

OREGON. 


m 

Clatsop 

MiilfnnTnAh 

Fort  Stevens 

8N. 

10  w. 

6-6 

United  States 

226 

Portland 

Sisters    of    Good 
Shepherd. 

D.  McLachlan 

227     Shprman  .   _    . 

Monkland 

...i-- 



PENNSYLVANIA. 


??s 

Allegheny 

do 

Braddock 

Braddock  Water 
Works. 

William  Sher  win. 

R.H.  Black 

do 

22U 

do 

230 

do 

Bunola 

Mr.  Stewart 

do.  .. 

231 

do 

Duquesne 

Carnegie  Steel  Co. 

do 

73? 

do 

Homestead - 

do 

do 

a  See  detailed  record  at  end  of  table. 
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reported  in  1904 — Continued. 


OHIO— Continued. 


Driller. 

1 

•< 

1 

i 

OS 

5 

Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 

Height 
water. 

Yield  per 
minute. 

Year 
com- 
plet- 
ed. 

Kind  of 
well. 

Remarks. 

i 

d 

No. 

C. 

C. 
M. 

C. 
C. 
C. 
M. 

M. 

i\ 

C. 
M. 

D. 
D. 

K 

Ft. 

In. 

Ft. 

QaU. 

GaU. 

1900 

19(M 
1904 

1904 
1904 
19W 
1904 

1904 
1904 

1904 

Water. 
..do.  . 

Wells  Nos.  2  and 
3.      Wells    600 
feet  apart,  each 
yields  60  to  70 
gallons  a  min- 
ute. 

211 
212 

W.  G.  Teeter. . . . 
J.  A.Yinglfn... 

W.H.Copley... 
do 

176 
50 

81 
57 
45 
125 

150 

&•> 

70 
3.710 

604 

193 
1,262| 

51 

8 

4i 
4i 

8 

40 
20 

79 
57 
44 
23 

80 
47 

450 

-20 

..do.... 
..do.... 

Water  soft.  Tem- 
perature 46<*. 

213 
214 

.do 

215 

do 

..do.... 
..do.... 

..do.... 
..do.... 

.  .do  . . . . 

fL> 

216 

188 

301 
200 

- 

Well  No.  1.    (L.).. 

Well  No. 2.    (L.).. 
(L.  S.) 

217 
''18 

0.  D.  Thomas... 

-20 

219 
220 

.  do 

Little  oil,  gas, and 
salt  water  at 
2,995  feet.    Top 
of  salt  at  3.239 
feet. 

Brine  at  237  and 
588  feet.    No  oil 
or  gas.     (L.  S.) 

221 

1 
R.  I^mbie 

4i 

3 

81 

1904 

1904 
1904 

..do.... 
..do.... 

222 

1 
Albert  Tracy  ... 

160 
}  1,102 

-12 

60 
66 

223 

(Frank  Clough: 
1   Evidence  Kirk 

Oil 

(L.8.) 

224 

^i 

OREGON. 


Charles    Palm- 
berg. 

S.Clifford 

James  Tomlin . . 

M. 

n. 

D. 

80 

140 
195 

6 

80 
130 

-7 

40 

1904 

1901 
1901 

Water. 
..do.... 

Water-bearing 
beds  all  the 
way.    Water 
slightly    irony. 
Temperature 
52°. 

225 
226 

..do.... 

227 

PENNSYLVANIA. 


James  Hoffman 


Joseph  Huf  man. 


C. 


67 

16 

102 

5| 

90 

131 

81 

87 


92 


66 
120 


-?8 

750 

1904 

Water  . 

-56 

22 

19(M 

..do.... 
..do.... 

-38 

1904 

..do.... 
..do.... 

Test  hole.     (L.)..    228 


Water-bearing  ' 
bed  at  51  feet. 
Water  soft.  (L.) 

(L.) 

Water-  bearing 
beds  at  69,  87. 
and  95  feet. 

No.  1  test  hole. 
(L.)  I 


229 


230 
231 


232 


^Barrelsaday. 
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64  RECORD    OF   DEEP    WELL    DRILLING    FOR   1904.        [bull.  264. 

Summary  of  well  drilling 
PENNSYLVANLA^-Continu^. 


No. 


CJounty. 


Location. 


Owner. 


233  Allegheny. 

234    do 

235   do 

236   do 


Homestead  . 

do 

....do 

Pittsbun?.... 


237 


.do. 


Wilkiniiburg . 


Z»     Butler.. 
239     Chester. 


240 


Clearfield. 


(Renfrew.     Wallace 
I    farm,  well  No.  2. 

East  Downingtowr . . 
Dubois 


2U     Forest. 


Delight,  N.P.Wheeler 
farm,  well  No.  32. 


245 

246 
247 

248 
249 

250 


«-- {"gS^/ZeuVr" 

{ 


.do. 

.do. 
.do. 


Higbee,  L.  C.  Grim 
farm,  well  No.  6. 

1  Morris  Twp.,  John 
Lewis  farm,  well 
No.  1. 


Spring  Hill  Twp . 


I 
I 

^„  /Spring    Hill    Twp. 

•"^^ !\    Perry  Pethel  No.  1. 

Lawrence Robinson  Crossing 


Montgomery  . .   Port  Kennedy  . 


Warren Deerfleld  Twp.,  Dal- 
las Brooks  farm, 
well  No.  1. 


.do Deerfield  Twp.,  Dell 

Thomas  farm,  well 
No.  1. 


Carnegie  Steel  Co. 

Homestead  Water 
Works. 

City  of  Homestead 
H.S.Leighton.... 


Texter     Lumber 
Co. 


/John  Humphrey 
\    &Co. 

North  wood  Cem- 
etery Co. 


Forest  Gas  Co  ... 


South   Penn   Oil 


rsout* 

I    Co. 


.do. 


Venture  Oil  Co . . , 
Hope  Gas  Co 


Hughes  Well . 


Michel  Eret . 


Josiah  G.  Winger 
&Co. 


Stanton  Oil  Co  . 


R.  H.  Black . 


Uberty  Well  r<). 


Gibson   &    Bo- 
vard. 


Waterman  Bros. 
J.  S.  Bean ' 


C.E.  Gesin. 


R.  D.  Mead  & 
Co. 


.do. 


F.8.  Black 

John  McCool... 


Thomas     B. 
Harper. 

Josiah  G.  Win- 
ger. 


.do. 


a  See  detailed  record  at  end  of  table. 
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SUMMARY    OF   DRILLING. 


65 


reporiefl  in  1904 — Continued. 


PBNNSYLVANIA-ConUnued. 


Driller. 


E.S.Kahl. 


Bovard  it  Sni- 
der. 


J.  8.  Bean. 


'  Depth 
.    tdpriti- 

^       4»  '  water 

t    1  §  1  *>'«" 
^    I  2    supply. 


Ft     In. 

C.  i      85  L... 


c. 

I 

M., 

C.  I 

D. 

}o. 

C. 
C. 


70  I. 


Fi, 


70  ,  12 


58  ,»^||. 


I 


126 


82       5i' 
3,006    .... 


ili.  H.   McDon- 
ald: William    )\h 
Gesin. 


1.1  im  George: 
W.  Oslim- 
beugh. 

iJ.  J.  Reed: 
William  Mor- 
iarty. 


fH._A._Reardon;  \^ 


1,225  |8-5| 


71 


\    F.  Bell. 

iJohn    Noels 
\    E.  J.  Duck 


3,337f  8-    I... 
|fr-5   I 

3,07Ji^       2, 

H£  I- 


Height 
water. 


;.^''  }^- 


Elmer  Dnck 


D. 
|M.  3.830  8-61  . 


I  J.  B.  McGuckin  . 


I 


I  Jay  O.  Winger. 


.do. 


HIO- 
8«-  , 
,61-5 

10- 


3, 234^81-    I 
I  6J-5 


D.       581 


O. 


C. 


530 


831   8-6|'        565 


766  8-6|         728 


h  Barrels  h  day. 
Bull.  264—05 5 


Yield  per  j  I 

minute.    I 

Year 
com 


Qal». 


-23 


1,750 


(«') 


Gala. 


fraoo 


plet- 
ed. 


1904 


1904 


Kind  of 
well. 


Water 
.do... 


.do.... 


..do.... 


..do.... 


Remarks. 


ai     1904 


6  ,  1904 


1902 


1904 


Oil  . 


Water 


Oil 


Gas. 


1901     Oil 


ft  10  i  1901  |..do.. 


1904  GaK. 


.^  1904  |..do... 


.do... 


1904 


No.  2   teat  hole. 

(L.) 

Teat  well.    (L.) .. 

Series  of  16  wells. 
(L.) 

Water-  bearing 
beds  at  40  and 
52  feet.   (L.) 

Water-bearing 
bed  at  71  feet. 

(L.) 

iWater*  bearing 
beds  at  170  and 
600 feet.    (L.S.) 

Water  at  37  feet. 

Fresh  water  at 
110  feet:  salt 
water  at  620  and 
1.430  feet.  Dry 
hole.    (L.S.) 

Hard  water  at  80 
feet.    (L.8.) 

(Pittsburg  coal  at 
1,022  feet;  brine 
at  l,Mi2  feet. 
Dry  hole.    (L.) 

/PitUbnrg  coal  at 
\    927  feet.    (L.) 


130  I  1901     Water  . 


(Pittsburg  coal  at 

986  feet:  gas  at 

I    2,940  feet.     (L.) 

iGas  at  8.369  feet. 
Pressure,  900 
[    pounds.    (L.) 

Pittsburg  coal  at 
996  feet:  gas  at 
3.183  and  3.228 
feet.    (L.) 

Water  and  oil  at 
240  feet:  gas  at 
500. 675.  and  825 
feet.  Aban- 
doned. 


Water  at  90  and 
600  feet.  Water 
hard.    (L.S.) 

M3  I  1887  '  Oil  ....  Oil.  gas,  and  salt 
water  at  665  and 
775  feet.  Well 
abandoned. 

(L.) 

ft  I   1896  L.do....l  Showing  of  oil  at 
245  and  485  feet. 
Well     pumped 
,  but     a     short 

I  I  time.    (L.) 

c  10,000  cubic  feet  a  day. 


I 


No. 


233 
234 
235 
236 

237 

238 
239 
240 

241 

242 

[  243 

244 
246 

246 
247 

24£ 
249 

250 
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66  RECORD    OF    DEEP    WELL   DRILLING    FOR    19(H.         [bill.  264. 

Summarj/  of  well  drilling 


No. 


251 


252 


253 


0254 
25f. 

256 


259 

260 
261 


PENNSYLVANIA— Continued. 


County. 


Location. 


Warren. 


.do. 


.do. 


.do. 
.do. 

.do. 
.do. 
.do. 

.do. 


Deerfield  Twp..  John 
Holden  farm,  well 
No.  1. 


Deerfield  Twp.,  Phila- 
delphia tract,  well 
No.  1. 

Deerfield  Twp.,  Reno 
land,  well  No.  5. 


Eld  red  Twn..  Adams 
farm,  well  No.  11. 

Eld  red  Twn..  Adams 
farm,  well  No.  19. 

Eldred  Twp..  M.  Cart- 
right  farm,  well 
No.  1. 


Eldred  Twp.,  M.  Cart- 
right  farm,  well 
No.  2. 


Eldred  Twp..  M.  Cart- 
right  farm,  well 
No.  3. 

[Eldred  Twp..  James 
Cochran  farm,  well 
No.  1. 


.do Eldred     Twp.,     Ellis 

'      farm,  well  No.  6. 

.do EldriHl     Twp..     Ellis 

farm,  well  No.  11. 


262    do I  EldredTwp.,LamarIe 

Lot,  well  No.  4. 


t    I>ot,  wel 


.do Eldred      Twn..     Lot 

No.  147,  well  No.  1. 


r.,Lai 
No.  ] 


T. 


Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  1. 


.do Eldred    Twp..   Phila-    . 

delphia  tract,    well 
No.  2. 


Owner.  ,       Contractor. 


Winger  &  Nichol.   Josiah  G.  Win- 
ger. 


Stanton  Oil  C^ do . 

do 1 do  , 


.do i  E.Meely. 


do Josiah  G.  Win- 
ger. 

Pardee  estate do 


I  Tait&  Paterson. 


.do. 


.do. 


.do. 


o  See  4etftiled  record  at  end  of  table. 
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SUMMARY    OF   DRILUNG. 
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reported  in  1904 — Continued. 

PENNSYL.VAXIA— Continued. 


Driller. 


Jny  O.  Winger.. 


J.  G.  and  J.  O. 
Winger. 

J.  O.  Winger... 


J.  O.  and  J.  J. 
Winger. 

Jay  O.  Winger. . 


J.  G.  and  J.  O. 
Winger. 


.do. 


Ft. 

837 


677 


621 


817 


477 


rj.  G.  Winger:   Ip       407 
\   W.D.  Putnam. 'F  1    ^ 


rj.  (J.  and  J.  O. 
\    Winger. 


JoBlah  G.  Win- 
ger. 

J.  G.  and  J.  O. 
Winger. 


In. 
8-51 


fr-6} 
8-6| 


»-5j 
8-51 


Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 


Ft. 
813 


406 


8-5| 


}c.;i.250{8|-|} 
8-5| 


421 
424 


728 
802 


8-5i 

8-5| 
16- 


J.  O.  and  J.  J. 
Winger. 


/Jay  O.  Winger;  \^ 
\   CharleaArters.  r"- 


352 


Charles  Arters. .  j  C.  1    375 


-I- 

5j    J 


8-51  . 


740 
797 


H-5J         482 


449 


408 


428 


8-5|         334 


Height 
water. 


Yield  per 
minute. 


QaU.   OaU. 


bi 


fc20 
620 

b5 
b65 
I>8 


ft6 
610 


.j    615 

I  I 


Year 
com- 
plet- 
ed. 


1896 


1896 
1889 


1900 
1901 

1894 
1894 
1895 

1898 

1895 
1902 

1899 
1904 
1900 


632  I  1891 

I 


Kind  of 
well. 


Oil 


..do. 
..do. 


..do.... 
..do.... 

..do.... 
..do.... 
.-do.... 

..do.... 

..do.... 
..do.... 

..do.... 
..do.... 
..do.... 

..do.... 


Remarks. 


Fresh  water  at  100 
feet:  salt  water 
at  305  feet;  oil 
and  Halt  water 
at  560  feet;  gas 
at 807 feet.    (L.) 

Salt  water  at  170 
feet.    (L.) 


632     1801    ..do.. 


I 


Fresh  water  at  50 
feet;  oil,  gaa. 
and  salt  water 
at  315  feet;  salt 
water  at  576 
feet:  rose  200 
feet.  Aban- 
doned.   (L.) 

Salt  water  at  750 
feel.    (L.) 

Fresh  waterat275 
feet;  oil  and  gas 
at  758  feet.   (L.) 

Fresh  water'  stra- 
tum at  435  feet. 
Saltwater  at  465 
feet.    (L.) 

Now  (1904)  pro- 
ducing about  2 
barrels  a  day. 

(L.) 

Water  and  gas 
sands  end  and 
oil  sands  begin 
at  397  feet.  (L.) 

/No  trace  of  oil  or 
t    gas.    (L.) 

Salt  water  at  a'>8 
feet.    (L.) 

Fresh  water,  50  lo 
187  feet,  salt 
water,  187  to  213 
feet.    (L.) 

(L.  8.) 

Showings  of  oil  at 
495  and  740  feet. 
Abandoned. 

(L.S.) 

Oil.  gas,  and  salt 
water  at  226 
feet:  salt  water 
at  460;  rose  200 
feet.  A  b  a  n  - 
doned.    (L.) 

Drilled  in  1884  by 
Stewart  Bros., 
and  produced  2 
barrels  a  day. 
Cleaned  and  re- 
claimed in  1891. 

Fresh    water    at  1   266 
100    feet;     salt 
water     at     150  I 
feet.    (L.)  1 


No. 


251 


292 


253 


254 
255 

256 
257a 

258 


260 


•261 


262 


•263 


265 


6  Barrels  a  day. 
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68  RECORD   OF    DEEP   WELL    DRILLING    FOR   1904.         [bull.  264. 

Summary  of  well  drilling 
PEXNSYLVANIA-Tontlnued. 


No. 


County. 


Location. 


267  ,  Warren. 


269 


271 


273 


27i 
27r» 


276 


.do. 

.do. 
.do. 

.do. 
.do. 


.do. 
.do . 


Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  8. 

Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  4. 

Eldred  Twp..  Phila- 
delphia tract,  well 
No.  5. 

Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  6. 

Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  7. 

Eldred  Twp.,  Phila- 
delphia tract,  well 
No.  8. 


Eldred  Twp..  W.  D. 
Pierce  farm,  well 
No.  1. 


Eldred    Twp.,    Reno 
lot,  well  No.  6. 

Eldred    Two.,    Reno 
lot,  well  No.  10. 


.dc) Eldred    Twp.,    Reno 

lot,  well  No.  11. 


T. 


.do Eldred  Twp.,  Sayers 

farm,  well  No.  18. 


.do ,  Eldred  Twp.,  Sayers 

I      farm,  well  No.  19. 

.do I  Eldred   Twp..  Smith 

farm,  well  No.  4. 


Eldred  Twp.,  E.  F. 
Thomas  f arm ,  wel  I 
No.  1. 


.tlo ,  Eldred    Twp..    Wade 

farm,  well  No.  1. 


R. 


I      I 


Contractor. 


TaitA  Paler  on  ..i  Josiah  G.  Win- 
ger. 


.do. 

.do. 
.do. 

•do. 
-do. 


Devonian  Oil  Co do 


.do. 

.do. 
.do. 

.do. 
.do. 


Stanton  Oil  C^»  . . .  ^ do . 

I 
do do. 


.do. 


.do. 


Rock  Oil  Co J.P.Eaton. 


.do. 


.do. 


Stonton  Oil  Co. . . .   Josiah  G.  Win 
ger. 


E.    Thomas    and 
T.  Grant. 


.do. 


SUinton  Oil  Co., 


.do. 


a  Sec  detailed  record  at  end  of  table. 
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SUMMARY    OF   DRILLING. 
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reported  in  1904 — Continiie<l. 


PENNSYLVAXIA-Conttnued. 


Driller. 


(Charles  An*  ra:   :., 
\    J.  O.  Winger.   T* 


C. 


do 

do 

do 


J.  G.  and  J.  O.     C. 
Winger. 


•do. 


•do 


iJoeiah  G.  Win- 
ger;    W.    D. 
[    Putnam. 

J.  G.  and  J.  O. 
Winger. 


Jay  O.  Winger. 


/Harry  Eaton;  \j^ 
\  Orany  Proper.  /"• 


h 


C. 


H.  J.  Eaton;  O 
Proi 
Peel 


Proper:  H.  G. 
■     k. 


Jay  O.  Winger.. 


.do. 


Oliver  Kelly....   C.      754 


Depth 
.  to  prin 
4)  '  rlpal 
-  water 
or  oil 
mipply. 


Ft.   ,  In.      Fl. 

420  H-6i'        383 


360  8-51 


461   8-51 


420 


8-5| 


8-6| 


C.       618  I    6i 


I 
484  !8-5| 
554  S-5i 


8-5| 


310 


420 


420  8-54'        377 


519 


615  8-5i         587 


544   8-6|         514 


D.       520  8-«i         490 
C.  I    632  8-51         506 


Ueifht 
water. 


Yield  per 
minute. 


Year 
I  com- 1  Kind  of 


plet- 
ed 


OaU.\ 


Qalt. 
26 

bA 

635 
620 

67 
6  22 


65 
610 


66 


615 


612 


1891 


1891 


1891 


1891 


well. 


Oil 


1894 
1899 


..do.... 


..do 


..do.... 


Remarks 


Fresh  water  at 
152  feet;  gas  at 
371  feet.    (L.) 

Fresh  water  20  to 
184  feet;  rises 
nearly  to  sur- 
face.   (L.) 

Oil  and  water 
rose  200  feet  in 
well.    (L.) 

.do Now  (1904)  pro- 
ducing about  1 
barrel  a  day. 
(L.) 

Proved  small 
well.    (L.) 


.do.... 


.do. 


..do. 
..do. 


1904  ..do 

I 


1904   ..do.. 


1904 


612     1904 


1901 


1889 


..do.. 
..do.. 

..do., 
.do.. 


Yield  retarded  by 
large  quantity 
of  salt  water 
present.  Inthi^ 
pool  (Newton) 
oil  and  salt 
water  vary  pro- 
portionately. 
(L.) 

Oil  and  gas  at  354 
feet.  Casing 
torn  by  torpedo. 
Well  aban- 
doned.   (L.) 

Much  salt  water 
at  512  feet.  (L.) 

Showing  of  oil  not 
sutflcient  to 
warrant  torpe- 
doing the  well. 
(L) 

Small  showing  of 
oil,  gas,  and  stilt 
water  at  31:^ 
feet.    (L.S.) 

Well  yields  3  bar 
rels  of  salt  wa- 
ter to  1  of  oil. 

(L.8.) 


of    salt 
small. 


6Barrelsaday. 


Amount 
water 
(L.S.) 

Fresh- water  sand 
140  to  220  feet. 
Showing  of  oil 
at  335  feet.    (L. 

S.) 

Salt  water  at  425 
feel.  Showings 
of  oil  at  611  and 
666  feet.  Well 
abandoned. 
(L.) 

Fresh  water  40  to 
224  feet.  Slight 
tracesof  oiland 
gas  at  712  feet. 
Well  aban- 
doned.    (L.) 


No. 


270 


271 


273 


274 


275 


276 


277 


'1279 


•280 
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70  RECORD   OF    DEEP   WELL   DRILLING    FOR   1904.         [bull.  264. 

Summary  of  well  drilling 


PENNSYLVANIA— Continued. 


Location. 


Eldred  Twp.,  Henrv 
Wheeler  farm,  well 
No.  1. 


Spring  Creek  Twp., 
Prank  Hellycr 
farm,  well  No.  1. 


(Southwest  Twp., 
Sturges  farm,  well 
No.  25. 


JThomas.   Speer  heirs* 


a2«5  W«hi„gU>n.. .{^^--w e^y-J."* 


286  ,  York  . 


Nashville . 


T. 


R. 


Owner. 


Contractor. 


Stanton  Oil  Co.... 


Devonian  Oil  Co. 


/Cogswell.  Thurs- 
\    ton  (S:  Co. 

/Liherty  Oil   and 
\    Gas  Co. 

William  Sprenkel 


Joiiiah  G.  Win- 
ger. 


.do. 


|b.  P. 


McCool.. 


jLyle  &  MeCloy 
S.T.Crist 


RHODE  ISLAND. 


?87 

Kent 

Warwick 

Nelson  W.  Aldrich 

•?H8 

Newport 

Providence — 
do 

Sakonuet 

Edwin  W.  Winter. 

?89 

Woonsocket 

Alsace     Worsted 
Co. 

Rev.    George    T. 
Mahoney. 

Artesian    Well 
Supply  Co. 

C.  L.  Grant 

?90 

do 

291  \  Gregory 


Hyde. 


Bonesteel . 


SOUTH  DAKOTA. 


Highmore,  8  m.  NW. 
of. 


114 


71 


C.  &  N.  W.  Rwy. 
Co. 


29 


Mitchell  Cattle 
0^. 


Matteson    & 
Zeigler. 

Norbeck     & 
Nicholson. 


TENNESSEE. 


293     Hamilton 


(/hattanooga . 


"See  detailed  record  at  end  of  table. 


(^hattanoogaMed- 
icine  Co. 
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SUMMARY    OF    DRILLING. 


71 


reported  in  1904 — Continued. 


PENNSYLVANIA-Continued. 


Driller. 


JayO.  Winger.. 


J.  G.  and  J.  O. 
Winger. 


/B.    P.  McCool, 
\    E.  Hare. 


/McCloy  iSc  Row- 
\    lee. 

8.  T.  Crtot 

(Prank  Mentzer, 
\    M.  F.  Knauf. 

J.  P.  Matthews . 


C. 


Ft. 
497 


484 


In. 

8-5| 


&^| 


i,275|| 


120       6 


Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 


Ft. 


760 


Height 
water. 


Yield  per 
minute. 


Qais.    Oals. 


b5 

bl5 
10 


Year 
com- 
plet- 
ed. 

Kind  of 
well. 

1895 

Oil 

1898 

..do.... 

1904 

..do.... 

19(M 

..do.... 

1904 

Water  . 

Remarks. 


No. 


Salt  water  at  442 
feet  rose  150fect. 
Oil  at  466  feel. 

(L.) 

Fresh  water 
flowed  10  gal- 
lons a  minute  at 
198  feet.  Show- 
ing of  oil  and 
gas  at  224  and 
463  feet.  Yield 
6  gallons  first 
day.  A  b  a  n  - 
doned.    (L. ) 

(Fresh    water    at\ 
--'     .    (L.S.)/ 


282 


283 


I    55  feet. 


[Water  at  80  andl 
l,082feet.  Pitta- 
burg  coal  at  336 
feet.     Gas    at 

[    1.285feet.(L.S.)J 

(L.) 


RHODE  ISLAND. 


284 

286 
286 


502  1    8 

66l    6 

1 

240   10-8 

50 

240 

44 

-10  ' 

-30  ' 

102       6 

120 

1900 
1904 

Water.' 
..do....' 

20 

1904 

..do... 

17 

1904 

..do.... 

Water  rather  hard 


(L.8.).. 
(L.S.).. 


287 
288 

289 

290 


80TTTH  DAKOTA. 


Matteson    iSc 
Zeigler. 

C. 

fisa 

5J 
2 

1                ' 
i 

1904 
1902 

Test   hole.     Wa-     291 

M.  1-397 

1.897 

137 

ter  stratum  30  ' 
to60feet.  (L.S.). 

Water atl,232  feet  |  292 

Very  soft.  Tem- 
perature 81°. 

TENXESSEE. 


250 


155 


-100 


Water 


Water  at  250  feet. 
"Abundantsup- 
ply"  of  soft  wa- 
ter.   (S.) 


bBarrelsaday. 
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72  RECORD   OF   DEEP    WELL    DBILUNO    FOR   1904.         [bull.  264. 

Summary  of  well  drilling 


TEXAS. 


No. 

County. 

Location. 

T. 

R. 

S. 

Owner. 

1 

Contractor. 

1 

294 

296 

296 
297 

Bexar 

Fort  Sam  Houston  . . . .  < 



1 

Brazoria 

do 

Sandy  Point 

L.B.  Shephard... 
Mr.  Bryan 

P.M.Granberry. 

Velasco,  3*  m.  SW.  of. 
Denton 



T><*ntnn 

College  Addition 
Waterand  Pow- 
er Co. 

Albert  M.  Coe 

« 

29H  1  Kl  Psuui 

El  Paso  40  ni.  N.  of . .  . 

299 
3U0 

a30l 

0302 
303 

do 

ElPaao,26m.  N.  of... 

BatDon,  Parafine  Oil 
Co..  well  No.  7. 

Houftton 



J.  F.  Mahill  and 
Wiley  N.  Coe. 

Texas  Drilling  Co. 
Houston  WaterCo. 

fP.  M.  Oranberr>- 
1    and  others. 

Dan  E.  Kennedy . 
do 

Hardin 

Harris 

Texas  Drilling 
Co. 

GustWamecke. 

jP.M.Granberry. 
do , 

do 

/Humble.  L.  W.  Long 
\    farm,  well  No.  1. 

Humble,  8  m.  E.  of 

\ 

do 

) 

304 

do 

Humble,  6k  m.  E.of... 

Beaumont.  171  m.SW. 
of.  (Bingham farm.) 

Wilburton 

do 

305 

JefferHon 

Sun  Co 

Sun  Co 

306  I  Montgomery  .. 

307  Nacofifdoches . . 

I.  AG.  N.  Rwy... 

Nacogdoches,   13    m. 
SE.  of. 

Coldris,  8  m.  8.  of 

J.  M. Thresher.... 

308 

Nueces 

do 

Robert  Driaooll... 

309 

do 

do 

1 

810 
311 

Tyler... 

Kountze,  16  m.  NW. 
of.  (Reliance No. 2.) 

Sutherland    Springs, 
Lee  farm,  well  No.  1. 

Sun  Co 

Sun  Co 

WilHon 

American     Min- 

American Min- 

eral Co. 

eral  Co. 

a  See  detailed  record  at  end  of  table. 
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8UMMARY    OF    DRILLING. 


73 


reported  in  1904 — Continued. 


TEXAS. 


Driller. 


R.T.  Clifton... 
Luther  Myers  . 

James  Sewell.. 

do 


JoHeph  Druiiot. 


A.  Wamecke . . . 


W.  A.  Young. 


JamenW.  Clark. 


J.  H.  Lee . 


Thomas  Fowler. 
....do 


Jamee  W.  Clark. 

(Hamrick;  Pan- 
newltz;Dono- 
hue. 


C. 


Ft. 
726 


1.600 


742 
592 


350 


M.      885 


O.  |2,025{   ^y 


D. 


I  Depth 
I  to  prin- 
I  cipal 
j  water 
I  or  oil 
I  .supply. 


In. 


Ft. 
706 


Height 
water. 


QdU.\  Gal*. 

.}    200 


5-6 


45 


335 


Yield  per 
minute. 


99o| 
1,500 

1,000 
1,516 


917 
435 


6-2i. 


892 ; 


1,737 


1.500 


6-4 


Year 
com- 
plet- 
ed. 


1901 


Kind  of 
well. 


RemarkB. 


1904 
12     1904 


b50 


t'lOO 


1898 


1904 


1904 


80 


150 


1904 
1904 

1904 
1904 

1904 


1904 


Water 


Oil. 


..do.... 
Water  . 

..do.... 

..do.... 


Oil. 


Water  . 


Oil. 


.  .do  . . . 

..do... 
..do   .. 

..do... 
..do... 

Water 


..do... 
Oil  ... 

..do... 


Water-bearing 
beds  at  351  and 
398  feet.  Water 
at  398  feet  salt. 
(L.8.) 

Prospect  well. 
Artesian  water 
stratum  1,000  to 
1.100  feet. 

Abandoned  at 
742  feet.  (L.  8.) 

(L.8.) 


"Abundant  sup- 
ply "  of  soft  wa- 
ter. 


Soft  water . 


(L.S.) 

Oas  at  1.600  feet. 
One  of  a  series 
of  wells  which 
yield  from  1,000  4  301 
to  800.000  gal- 
lons a  day  each. 
(L.S.) 

Gas  present  in 
increasi  n  g 
amounts  below 
GOO  feet.    (L.8.) 

l»ro«pect  well;  no 
oil.  Little  gas 
at  600  feet.  Wa- 
ter-bearing 
beds  600  to  650 
feet  and  1,150  to 
1,200  feet. 


No. 

294 

295 

296 
297 

298 

299 


302 


303 


Prospect  hole. 
Found  neither 
oil  nor  gas. 

Water  at  220  and 
260  feet.  Gas  at 
240  HUd  400  feet. 
Dry  hole.    (L.) 


304 
306 


307 


Water  at  68  and 
393  feet.  Oil  at 
212, 312, 328,  and 
360  to  428  feet. 
Lost  on  account 
of  water.  (L.8.) 

Well  No.  4.     (L.). 


Well  No.  5.    (L.).     309 

i 
Dry  hole.    (L.)...     310 


Flowing  water 
and  gas  strata 
at  14.71, 419.973. 
1,066.  and  1,352 
feet.  Traces  of 
oil  at  415,  628, 
775,  and  1.862 
feet.  Dry  hole. 
(L.) 


311 


b  Barrels  a  day. 
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74  RECCED   OF'DEKP    WELL   DRILLING    FOR   1904.         I  bull.  264. 

Summary  of  well  drfViug 
UTAH. 


No. 

(bounty. 

Location. 

T. 

R. 

S. 

Owner. 

1 
Contractor. 

312 

RpAVpr 

Beaver 

W. Shepherd  

313      Rnxpklpr 

Brigham .      ... 

9 

3       14 

W.  0.  Knudson.- 

314 
316 

DaviHf 

FamiiD^on 

Guffy&Galey.... 

San  Pedro,  Los  An- 
geles and  Salt 
Lake  R.  R.  Co. 

Guffy  &  Galey .. 

Inm 

Lund 



i 

II.  J.  Craig ' 

VIKCJINIA. 


316     Henrico I  Richmond  , 

I 


Lewi.M  Ginter . 


WASHINGTON. 


317     KiiiK 


Ballard I j I |  City  of  Ballarcl  . 


WEST  VIRGINIA. 


(131 H     Kanawha  . 


319     Ohio.... 
o320     Ritchie . 


321 


Tyler . 


Forks  of  Little  Sandy. 
O.  Simmons  farm, 
well  No.  1. 


Wheeling . 


Harrisville.F.n.Haw- 
kins.  No.  1. 

Van  Camp 


fFolsom.  John  Robi- 
8on  farm,  well  No. 
17. 


(Hundred.   J.  Murphy   I 
1.        /• 


farm,  well  No. 


Keough . 


Philadelphia  Co. 


.do. 


[Keough.  J.  V.  Hig- 
«j  gins  farm,  well  No. 
1    1799. 


rt  See  detaile<l  record  at  end  of  table. 

rSec  detailed  record  m  paper  on  "Uil  and  Asphalt  Proypect^in  Salt  Lake  Basin,"  by  J.  M.  Boutwell: 
Contributions  to  Economic  Geology.  1904. 


Lehigh  Oil  Co . 


News  Publi-Hhing 
Co. 


Octo  Oil  Co 

Lincoln  District . 


rSouth    Penn  Oil 
\    Co. 


Syndicate  Oil  Co.. 


j  Hope  Natural  Gas 
\    Co. 


VVeiler  Bros  . . . 

Jaa.  Kinney,  jr. 
B.W.Publes... 
Watkins  &  Co 


I 


|w.8. 


Burton. 


J  Reese.  Heasley 
t    &  Meals. 


JjohnP.FIshel.. 
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UNE8.1  SUMMARY    OF   DRILLING. 

reported  in  150-^— Continued. 

UTAH. 


75 


Driller. 

1 

< 

^ 

1 

Depth 
toprin- 
efpal 
water 
or  oil 
supply. 

Yield  per 
minute. 

Year 
com- 
plet- 
ed. 

Kind  of 
well. 

Remarks. 

Heiffht 
water. 

1 

S 

No. 

Geo.  G.  Halter- 
man. 

D. 
M. 

Ft. 
330 

30 

In. 

FL 

Oals. 

Oals. 

1904 
1904 

Water  . 
..do.... 
Oil  .... 

Water  . 

Not  flowing 

Dug  well  !•  feet  in 
diameter. 

Dry.  Well  did  not 
reach  bed  rock. 

(Salt  water  at  12 
\    feet.     (L.) 

312 

9 

22 

-22 

300 

313 

0.    2,000 

c.      .vaJ 

314 

12- 
10- 

I     573 

50' 

}315 

I 

tMi 

' 

VlRGIXIA. 


445 


410 


Water  .    A  little  water  at 
102  feet.    (L.)     \ 


WASHINGTON. 


I  G.P.Jamen |  M. 


245   ...., , 1904     Water. 


316 


317 


WEST  VIRGINIA. 


f  J.  G.  and  G.  J. 
t    Weiler. 


H.  A.  Reardon.. 


E.  J.  Akins;  A. 
.    Wild. 


/T.  L.    Danlap; 
t    C.LKing. 


.do. 


}»• 


K 


D. 


1,700 

13- 
10- 

I 

C) 

'»-6| 
1 

I 

250 

1,876 

612 

36 

6 

10- 

8- 
fr-5 

35 

-13 

3.66o| 

MOO 

3,23& 

13- 
10- 

8i- 

6i 

C) 

2,636| 

13- 
lO- 

8-6 

I 

1 

3.200 

10- 

8- 
61 

I 

1 

1904 


Gas... 


1904     Water . 


1904 


1902 


1904 


Fresh  water  at  60 
and  155  feet. 
Hole  flowed  full 
of  salt  water 
940  to  990  feet. 
Gas  at  928  feet. 
(L.S.) 

(L.8.) 


Oil 


(L.S). 


Water.   Soft 


Pittsburg  coal  at 
1,436  feet.  Salt 
water  at  2,22:> 
and  2.735  feet. 
Oil  ....I  Oil  at  3,512  and 
3.542  feet. 
Deepest  pro- 
ducing well 
known.    (L.) 

Pittsburg  coal  at 

1.852  feet.    Gas 

Ga»....i^    at   1,995,   2,145. 

and  3.000  feet. 

Yield.    (L.S.) 

Water  at  60  feet. 
PittJiburg  coal 
at  530  feet.  Gas 
at    1,675.  1,885, 

..do and  2,615  feet. 

Rock  pressure 
of  gas  at  1,675 
feet,  800  pounds. 
(L.) 
Pittuburg  coal  at 
1.095  feet.  Gas 
at     1,866     and 

..do....^  2.460  feet.  Salt 
water  at  1,935 
feet.  Dry  hole. 
(L.) 


•I| 


319 
320 


322 


323 


324 


325 


b  Barrels  a  day. 


d  500.000  cubic  feet  a  day. 
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76  BECOUD   OF   DEEP    WELL    DRILLING   FOR    1904.         [bull.  264. 

Sitmmarp  of  iceU  drilling 


WEST  A^RGIXIA— ConUnued. 


No. 


County. 


Location. 


R. 


Owner. 


326     Wetzel Van  Camp. 


329 

830  ' 


.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


J.G.Eddy 


I 


Magnolia  district. 
J.  M.  Van  Camp... 

Z.S.Wutklns 

Watkins&Co.... 


Contractor.      i 


Watkins&Co. 


.do. 
.do. 
.do. 
.do. 


WISCONSIN. 


331 

Brown 

An     ' 

Askeaton 

21 
21 

20 

30 

2« 

Cheese  factor>* — 

John  Hart 

Jef.Kimbs 

J.J.Fiust 

do 

332 

do 

333  1 do 

Mills  Center 

334  i  C^iliimbiR 

Arlington 

DRvid  Bullen 

335 

Fond  du  Lac... 

do 

do 

do 

EdenTwp 

33  1  Academy    of    St. 

P.  Roughen 

do 

336 

Fond  du  Lac 

• 

Mar>'. 

M.Obrin 

Charles  Olem 

837 

do 

do 

338 

Waupun 

1 

W.F.Sealy 

H.G.Gorder.... 
do 

339 

Qrant  

Castlerock 

7N. 
7 

IW. 

1 

14 

340 

Iowa 

Highland 

17 

341 

Juneau 

Outagamie 

do 

Mather 

Appleton  Cran- 
heny  Co. 

Conrad  Giebel 

Charles  H.Fischer 

W.Ftecher 

Anthony  Wallace 

M.Bottrell 

Sam  Rupple 

John  Laird 

E.R.Vander- 
vort. 

I.  W.  Hills 

34? 

Dale 

21 

22 

22 
22 
21 
21 

43 

15 

17 

16 

16 

15  E. 

15 

16 

30 

19 

36 
13 
14 
26 

36 

343 

Greenville 

do 

344 

do 

Hortonville 

do 

345 
346 
347 

34« 

349 
350 
351 

do 

do 

do...    . 

do 

Medina 

do 

do 

do 

do 

Shiocton 

do ..' 

do... 

do 

South  Kaukauna 

Racine 

do 

Corliss 

3 
4 
14 

22 
22  E. 
2  W. 

9 

28 
26 

T.  F.Cooney 

F.  Kittcnhoffen  .. 
Frank  Winchel... 

W.M.  Bolles...- 
.do.... 

Franksville 

35? 

Vernon 

Walworth 

Wankenha 

Winnebago 

do 

Valley 

353 

Whitewater.     (City 
waterworks.) 

Elm  Grove 

C.  E.  Gray 

W.  L.  Thome  & 
Co. 

Peter  Bauer 

8.V1 

7 
20 
20 
19 

20 
16  E. 
16  E. 

15 

a5 

21 
21 
2 

C.  K.  Reichert.... 

John  Lemke 

Fred  Ziehm 

355 

lAfHen ,     , 

t 
I.W.  Hills 

356 

do 

.    .do 

357 

do 

Winneconne 

Geonre  Barber. 

do.    . 

WlfOMING. 


858     Sweetwater  ...    Rock  Springs,  6  m.  S. 
of. 


18   104W. 


20     Belgo   American 
Drilling  Co. 
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SUMMARY    OF   DRILLING. 


77 


reported  in  i9(?-f— Continued. 


WKST  VIRGINIA-Continued. 


Driller. 

1 

3 

< 

1 

5 

Depth 
to  prin- 
cipal 
water 
or  oil 
supply. 

Height, 
water. 

Yield  per 
minute. 

Y«.r 

Kind  of 
well. 

Remarks. 

ft 

1 

com- 
plet- 
ed. 

No. 

c. 

c. 
c. 
c. 
c. 

Ft. 
137 

41 
31 
60 
32 

In. 
6 

51 

6 
6 
6 

FU 

86 
27 
55 
22 

-97 
-  8 

QqU. 

GaU. 

19(M 
1904 

Water. 

..do.... 
..do.... 
..do.... 
..do.... 

Soft  water  at  70, 
126,  and  137  feet. 

Soft  water 

do 

326 

377 

-10   1904 

-20    1  1904 

-10    1904 

328 

do 

3?9 

do 

830 



1 

WISCONSIN. 


M.G.Faust 

C. 

do 

C. 

Chas.L.  Green.. 

D. 

Tho«.Eagcn.... 

D. 

P.  Roughen  .... 

C. 

do 

r 

do 

r 

r 

H.G.Gorder.... 

c. 

....do 

r 

E.R.Vander- 
vort. 

c. 

J.  Yahuke  and 
F.  Sweet. 

c. 

G.  H.  Fischer 
and  F.  Sweet. 

c. 

do 

c. 

do 

V 

F.Sweet 

c. 

R.  Haa^e  and 
Wescott. 

c. 

O.  H.  FiHcher 
and  M.  Hills. 

c. 

J.J.Faust 

D. 

H.  Jorgensen... 

D. 

....do 

r> 

B.  I.  Baley  &  Son 

M. 

W.  L.  Thome  & 
Co. 

c. 

H.  M.  Knaack.. 

D. 

J.  Yahnke 

C. 

John     Yahnke 
and  F.  Sweet. 

C. 

J.  Yahnke  and 
M.  Hills. 

C. 

L.  J.  Craig. 


D. 


534  I 
117  1 


44 
44' 


512 
110 


315  .... 

155  .... 

97  ,  6 

96  '  5 

228  I  5 

800  6-5 

162  '  7J 

260  I  6J 

179  6 

35 

117  4 
I 

41  4 

105  I  4 

23  4 

87  ' 

150 

300  4\ 

»l  4 

98  I  4 
280  6-5i 
252  I  6 

I 
190 

38  4 

114  I  4 

98  ;  4 


75 


93  I 
227 


-75  L. 


130 


35 

116 

35 
100 


70 


150 


98 
230 
200 

170 

28 
107- 


-60 


20 


3 
15 
25 

3 
250 


1904 
1901 
1904 
1904 
19(M 

1901 
19(H 
1887 
1901 
1904 

1904 

1904 

1904 

19(M 
1904 
19(M 


1904 

1904 
1904 
19(M 
1901 
.19(V1 


1904 


WYOMING. 


2,400 


13 


j ! 1 


Water.    (L.S.) . 
..do. 


..do....    (L.S.) 

..do....    (L.8.) 

..do 


331 


334 
335 


..do. 
..do. 
..do. 
..do. 
..do. 

..do. 


(L.) , 

(L.S.) I 

(L.S.) 1 

(L.S.) I 

Stratum  at  240  ! 
feel  yields  sul-  j 
phur  water. 

(L.8.) : 


336 
337 


340 


341    ^ 


.do.... 
.do.... 
.do.... 
.do.... 


(L.) 


..do " Good  str^im  of     342 

water." 

.do....  (L.S.) '  343 

.j  344 

.  345 

.j  »46 

.  347 

.,  348 

.!  349 

.1  350 

351 

362 


..do.... 

..do.... 
..do. ...I 
..do....' 
..do.... 
..do....j 

..do.... 
..do. 


(8.) 

(L.S.) 

(L.S.) 

(L.S.) 

Water  at  71  feet, 
rose  to  —2  feet. 

(L.  S.) 

Water  from  170  to 
190  feet. 

Pumps   small 
stream. 


.do....;  (L.) 


19(M   ..do. 


353 

354 
355 
856 
357 


1904     Oil 


Waterbearing  bed 
at  30  and  90  feet. 
Small  showing 
of  oil  at  625  feet. 


358 
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78  RECORD    OF    DEEP    WELL    DRILLING    FOR    1904.         [bull.  254. 

DETAIIiEI>   RKCC>RI>S. 

The  detailed  reports  which  follow  were  8eleeted  because  thej  give 
definite  «tratigi*aphic  information  or  information  of  importance  in 
drilling  adjoining  wells.  While  only  such  records  were  chosen  as 
appeared  to  have  been  kept  with  care,  the  Survey  does  not  guarantee 
their  accuracy.  Descriptions  are  given  substantially  as  presented  in 
the  original  records,  although  the  compiler  has  taken  the  liberty  to 
make  some  changes  in  nomenclature,  such  as  substituting  shale  for 
"soapstone,"  and  to  make  other  modifications  in  favor  of  uniformity 
and  conciseness.  When  the  samples  suggest  an  interpretation  radi- 
cally different  from  the  one  in  the  driller's  log,  both  are  given,  with 
the  former  in  parentheses.  Other  interpolations  made  on  the  authority 
of  the  compiler  are  also  bracketed. 

13,    Wdl  iwnr  Seaside^  Monterey  Omntpf  Cat. 

[Authority,  B.  N.  Baker,  owner.] 

Feet. 

Surface  soil 0-10 

Water  sand 10-40 

Quicksand 40-  60 

Gray  sand -. 60-120 

Adobe  clay 11*0-136 

Blue  clay 136-148 

Sandy  shale : 148-155 

Hard  shale 155-156 

Blue  shale 156-173 

'*Chalkrock" 173-183 

Blue  shale 183-240 

Hard  shale 240-241 

Blue  shale 241-253 

Yellow  clay  and  sand 253-263 

Cobblestone,  gravel,  and  water 26^270 

Water  sand 270-303 

Blue  shale 303-315 

*'Chalkrock" 315-338 

Sandy  shale 33S-425 

Blueiilay 425-441 

Sand  and  shale 441-468 

Blue  clay 468-490 

Sand  and  shale 490-513 

Yellow  clay 513-518 

White  sand,  carrying  some  water 518-540 

Yellow  clay 540-560 

Blue  shale 560-581 

Sand  and  gravel 581-610 

Hard  shale;  shell 610-617 

Last  entry  is  probably  incorrect.     Water  was  struck  at  610  feet,  after  piercing  shell 

and  going  with  drill  into  water  sand;  flow,  30  gallons  a  minute. 
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14'    Well  on  Ptwhlo  Lot  146,  Point  Loma,  San  Diego  County ^  Col. 
[Begun  Auguflt  1^  1900;  completed  March  18, 1901.    Authority,  Katherine  Tingley,  owner.] 

[Elevation  of  mouth  of  well,  '25^.m  feet  above  high  tide.] 

Feet. 

S^nrface  clay 0-    8 

**Hardi>an" :\-    8 

Sandy  clay H-  M 

Water-bearing  sand 30-  40 

Sandy  shale  and  dry  saml 40-  60 

Sandy  shale 60-100 

Sand  100-106 

Dark-blue  shale 106-190 

Water-bearing  sand 190-192 

Dark-blue  shale : 192-200 

Water-bearing  sand 200-202 

Dark-blue  shale 202-260 

Whitish  clay 260-261 

Coal 261-262 

*'Ore" 262-265 

Water-bearing  sand,  gtMnl  water 265-271 

Dark-blue  shale 271-298 

Water-bearing  sand 298-300 

Dark-blue  shale 300-320 

White  quartz.^      ^.      ^        .  f 320-321 

Blue  granite..  I »«^^*^^^^"*^^*^"^I^'^"*'^8\ 321-323 

Light-blue  shale 323-:550 

Alternate  shale  and  sand :^50-360 

Light-blue  shale 360-370 

Water-bearing  sand 370-372 

Light-blue  shale 372-388 

Water-l)earing  gravel  and  sand 388-390 

Shale,  gravel,  and  clay 390-400 

Point  Loma  is  an  isolated  cretaceous  suiiiniit,  according  to  the  State  Mining 
Bureau,  and  the  alK>ve  log  shows  the  geologic  column  of  its  undisturlnnl  strata. 
Diameter  of  well,  6  inches,  0  to  40  feet;  5  inches,  40  to  400  fei»t.  Water  level,  253 
feet  l)elow  surface,  or  2.88  feet  al>ove  high  tide.  Estimated  yield,  35,000  gallons  daily 
if  all  water-bearing  strata  are  used. 

:^J.    Well  at  iMJtintaj  Otero  County,  Colo. 

[Samples  furnished  by  La  Junta  Oil  and  Gas  Company.] 

Feet. 

Clay 800-1,080 

Sandstone  and  limestone 1, 230-1,  290 

Light-red  sandstone  and  limesUme 1, 300-1 ,  500 

Dark-red  sandstone — limy 1, 500-1 ,  535 

White  sandstone 1,535-1,600 

Re*l  sandstone : 1, 600-1, 612 

Re<l  sandstone  ami  gray  limestone 1, 612-1, 660 

Ked  sandstone  and  limestone 1, 660-1, 703 
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42.    WcU  at  lidvidere,  lioom  Counlij,  JU. 
[Betfun  April  9, 11)03:  cumpleted  May  23. 1903.    Authority.  H.  W.  Hambrccht,  driller.] 

Quicksand 0-40 

Fine  gravel 40    -      90 

Coaree  gravel 90    -    1 22. 5 

(iray  limestone 122. 5-    355 

St.  Peter's  sandstone,  coarse  and  honeycombed,  water-bearing 365    -    574 

Red  marl  and  limestone 574    -    608 

Brown  limestone • 608-643 

Brown  shale 643    -    71H 

Sandstone — water  of  goo<l  quality 718    -    834 

RtHlmari 834    -    854 

Blue  shale 854-984 

White  sandstone,  honeycombed  rock,  water-l>earing 984    -1, 070 

Bhie  shale 1,070    -1,168 

PoHttlam  sandstone,  myft  water 1, 168    -1, 231 

Well  en<led  in  blue  shale.     Total  depth,  1,231  feet     Ten-inch  drive-pipe,  0  to  1.5 
feet;  diameter  of  hole  8  inches  from  125  to  608  feet;  6i  inches  from  608  to  1,231  feet 

4^.    Well  ill  NaperfilUy  Dupiige  ( 'ountt/y  111. 
[BcKim  AugUHtSI,  1903;  completed  January  19,  1904.    Authority,  H.  W.  Uambrecht,  driller.] 

Feet 

Bla<;kHoil 0-        4 

Sand  and  gravel 4-       10 

Blue  shale 10-       18 

lx)t)fie  rolling  rock 18-      21 

White  limestone 21-    237 

Blue  shale 237-    320 

W  lute  1  imestone 320-    646 

St.  IVt4*r*H  sandstone;  water,  hard  and  soft  in  streaks 646-     792 

Blue  shale , 792-    H:i6 

Brown  li mestone 836-    950 

Blue  shale 950-1,152 

(iray  limestone — water-ln^aring  rtK'k  full  of  crevices 1,152-1,425 

Ten-inch  drive  piin*  from  0  to  117»5  feet;  diameter  of  hole,  8  inches  from  117.5  to 
8:m  feet;  6}  inches  from  836  to  1,425  feet 

i7.    Well  in  SE.    J  of  NW.  }  sec.  SJ,  T.  15  N.   (IJ  milen  n^t  of  Ketvanee),  Henry 

CounUj,  m. 

[Begun  Soptoinber  9,  1901,  completed  November  21,  1904.    Record  and  mmpl^  furnished  ♦ly 
L.  Nichols,  driller.    Geologic  divUions  made  by  E.  O.  Ulrich.j 

Feet. 

Yellow  clay 0-10 

Yellow  clay,  sandy 10    -  20 

l.t»\ver  Pennsylvania  coal  measures: 

Blue  sandy  clay 20-36 

S<»ft  drab  Hhale 36-85 

Coal 85    -  86.5 

Soft  drab  shale 86.5-92.5 

f  lanl  gray  sandstone 92. 5-  93. 5 

St>ftdrab  shale 93.5-172 

Coal  and  shale 172    -184 

Coal ,., 184    -187 
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Lower  Pennsylvania  coal  measures — Continued.  Feet. 

Soft  dark  shale 187    -    202 

Hard  dark  sandstone 202    -    202.6 

Soft  gray  shale  mixed  with  lime 202.5-    238 

Soft  black  shale;  with  pyrite  282-301 238-308 

Gray  sandy  shale 308    -    322 

Gray  sandy  limestone 322    -    352 

Devonian  and  Silurian  limestone: 

Hard  gray  limestone 352-650 

Light-blue  limestone 650    -    670 

White  limestone 670    -    730 

Gray  limestone 730    -    760 

Maquoketa: 

Light-green  shale 760    -    833 

Hard  gray  limestone 833    -    850 

Hard  light-green  shale 850    -    915 

Hard  brown  shale 915    -    940 

Hard  drab  shale 940    -    949 

Galena  limestone: 

Dark-brown  limestone 949    -    970 

Gray  limestone 970    -1,030 

Brown  and  white  limestone 1, 030    -1, 060 

Brown  limestone 1,050    -1,073 

Rig  used,  pole  tools.     Diameter  of  well,  12  inches  0  to  174  feet;  10}  inches  174  to 

352  feet;  8|  inches  352  to  954  feet;  6  inches  from  954  to  1,073  feet.     Hole  practically 

dry  to  475  feet,  where  water  rose  to  within  300  feet  of  month  of  well.     Water  fresh, 

no  great  amount.    Main  supply  from  954  to  1,073  feet.     Well  pumps  80  gallons  a 

minute. 

52.    Well  at  Strealor,  LamUe  County ^  III. 

[Begun  September  5,  1902;  completed  November  15, 1902.    Authority,  H.  W.  Hambrecht,  driller.] 

Feet 

Yellow  clay 0    -        5 

Shale 5    -        8 

Coal 9    -      13.5 

Shale : 13.6-      15 

Brick  and  tile  clay 16-20 

Blue  shale 20-90 

Blue  and  l)rown  shale 90-96 

Coal,  good  quality 95    -      99.5 

Blue  shale 99.5-     172.5 

Brown  and  blue  shale 172. 5-    186 

Coal,  best 185    -    187 

Brick  and  tile  clay 187    -    195 

White  limestone 195    -    386 

St.  Peter's  sandstone;  water  in  lower  part  not  good 385    -    596 

Blueshale 596    -    620 

Brown  limestone;  very  good  water 620    -    706 

Madison  sandstone;  slightly  salty  water 706    -    834 

Brown  limestone;  soft  water 834    -1,056 

Sandstone;  water 1,056    -1,096 

Limestone 1,096    -1,115 

Kight-inch  pipe  from  0  to  195  feet;  6-inch  pipe  from  0  to  620  feet;  6-inch  hole  from 
62ato  1,115  feet. 

Bull.  264—06 6 
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6^.    WeU  No,  i,  <m  G.  S.   WhiUhair  farm,  in  SE.  k  of  SE,  \  sec.  24  (4  miles  SE.  of 
Albany),  Delaware  County,  Ind, 

[Begun  October  11, 19(M,  completed  October  31, 1904.    Authority,  William  Jameson,  driller.] 

Feet. 

Soft  black  soil 0-      10 

Hard  dark  limestone 10-      45 

Soft  red  shale '. : 45-      60 

Gray  limestone  of  varying  hardness 60-    200 

Soft  shale  (calcareous) 200-    220 

Hard  blue  limestone , 220-    260 

Soft  light  sha'e 260-    280 

Hard  dark  limestone  and  shale 280-    300 

Hard  blue  limestone 300-    340 

Soft  light  shale 340-    500 

Soft,  brown  shale 500-    600 

Soft  light  shale 600-    700 

Soft  dark  shale 700-    800 

Soft  brown  shale 800-    950 

Trenton  limestone 950-1,260 

Some  gas  at  top  of  Trenton.  Well  finished  at  1,262  feet  with  little  show  for  oil. 
Shot  with  200  quarts  of  glycerine.  Diameter  of  well,  8  inches  from  65  t<>  340  feet; 
6J  inches  from  340  to  1,262  feet.  Casing  inserted  at  340  feet.  Principal  water-bearing 
strata  between  30  and  320  feet. 

64'    Well  No.  5,  on  the  Hoppis  heirs*  farm,   in  sec.  24%  T.  IS  E.  (one-half  mile  east  of 

Redkey),  Jay  County,  Ind. 

[Begun  October  10, 1904,  completed  November  5, 1904.    Authority,  Bert  Gilbert,  drille-.] 

Feet. 

Soft  brown  clay 0-      40 

Soft  blue  clay 0-    100 

Hard  yellow  limestone 100-    120 

Hard  gray  limestone 120-    180 

Soft  gray  shale,  *'brake" 180-    240 

Hard  gray  limestone 240-    260 

Soft  gray  shale,  "brake'' 260-    300 

Hard  gray  limestone 300-    320 

Soft  gray  shale  (brownish,  800-840) 320-    960 

Trenton  limestone;  gas,  pay  960-980;  oil  sand,  1,360-1,385 960-1,385 

Principal  water  stratum  in  limestone  at  depth  of  153  feet.  Amount  of  oil  obtained, 
5  Imrrels. 

ao.   Well  at  Cherokee  State  Ilospilal,  in  sec.  28,  T.  02,  li.  40  (\h  miles  NW.  of  Cherokee), 

Cherokee  County,  loiva. 

[Completed  February  24.  1902.    Authority,  Cherokee  State  Hospital.] 

Feet. 

Loam 0-    4 

Yellow  clay 4-  60 

Blue  clay 60-240 

Quicksand;  water 240-256 

Gravel;  water 255-260 

Quicksand;  water 260-270 

Blue  clay. -^ 270-355 
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Feet. 

Sandstone;  water 355-    375 

Shale .375-    385 

Pink  shale 1 385-    400 

Gravel;  water 400-    405 

Grayahale 405-    410 

Red  shale 410-    430 

Gray  limestone;  water  between  430  and  435 430-    450 

Gray  shale 450-    470 

Gray  limestone;  water  between  470  and  475 470-    480 

Shale 480-    490 

Limestone 490-    505 

Sandstone 505-    510 

Shale 510-    525 

Sandstone;  water.. 525-    535 

Limestone;  water  rose  30  feet  from  crevice. in  rock  between  725  and 

735  feet 535-    965 

Shale 965-1,015 

Sandstone;  at  1,075  feet  water  rose  970  feet 1,015-1,095 

Shale 1,095-1,100 

Gypsum 1,100-1,120 

Diameter  of  well,  12  and  9  inches;  6-inch  pump  casing  500  feet  down.  Depth  of 
principal  eource  of  water,  1,120  feet.  Water  rises  to  within  206  feet  of  mouth  of  well. 
Yield,  100,000  gallons  in  twenty-four  hours. 

70.   Well  at  Burlington y  Des  Moines  County ^  Iowa, 
[Bejun  August  22,  IWM:  completed  October  12, 1904.    Authority,  R.  J.  Johnrton,  driller.] 

Feet. 

Artificial  filling 0-  10 

Yellow  clay 10-  20 

Blue  clay : 20-  60 

Sand 60-66 

Blue  clay 66-  72 

Soft  limestone 72-  75 

Soft  gray  shale 75-  85 

Softblueshale 85-154 

Soft  black  shale 154-160 

Gray  shale 160-190 

Soft  dark  shale 190-260 

Soft  gray  shale 260-280 

Hard  blue  limestone 280-305 

Hard  gray  limestone 305-325 

Soft  gray  shale  (limestone) 325-335 

Hard  gray  limestone 335-355 

Hard  red  **granite**  (limestone  containing pyrite) 355-400 

Soft  blue  limestone 400-410 

Soft  re<l  limestone 410-425 

White  "magnesia"  (clayey  limestone) 425-435 

Soft  *'waterrock'*  (no  samples  below  430) 435-507 

Rig  used.  Keystone  drilleir.  Diameter,  5|  inches  imm  0  to  507  feet.  Length  of 
casing,  76  feet.  Main  water  supply  from  435  to  507  feet.  Flows  45  gallons  per 
minute.    Pressure,  16i  pounds. 
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71.    Well  at  Davenport,  Scott  CourUy^  lotixt. 
[Begim  March  10;  completed  July  8, 1904.    Authority,  H.  W.  Hambrecht,  driller.] 

Feet. 

iSurface  sand 0-      24 

Blue  shale 24-       89 

Black  shale 89-       90 

Blueshale 90-     110 

Loose  rock 110-     113 

Brown  limestone 113-     270 

Blueshale 270-     275 

Limestone 275-     418 

White  shale 418-     644 

Brown  limestone;  flow  from  crevice,  about  80  gallons  a  minute 644-     970 

Blueshale ,.      970-     996 

Sandstone,  St.  Peter's;  flow  increased  to  210  gallons  a  minute 996-1, 050 

Brown  limestone;  flow  increased  to  310  gallons  a  minute 1, 05O-1, 300 

Ten-inch  casing  from  0  to  110  feet,  8-inch  casing  from  0  to  120  feet,  8-inch  hole 
from  120  to  1,300  feet. 

7S.  Well  at  Horace  (4  mUes  east  of  the  Karisa^- Colorado  Slate  line),  Greeley  County ,  Kans, 
[Begun  February  19, 1901;  completed  November  26, 1901.    Authority,  E.  Fisher,  engineer  B.  &  B.] 

Feet. 

Cemented  gravel  mixed  with  clay  and  lime 0-      55 

Clay,  gravel,  and  lime  mixed 55-     100 

(iray  shale 100-    550 

White  limestone 550-    620 

Brown  shale;  water  at  825  rose  400  feet 620-1,050 

Sandstone,  more  or  lass  hroken;  top  of  first  Dakota 1, 050-1, 095 

Ciray  sandstone 1 ,  095-1 , 1 10 

Reddish  brown  sandstone,  broken,  very  much  so,  1,130-1, 148 1, 110-1, 148 

Sandstone;  lx)ttom  of  first  Dakota 1,148-1, 160 

Shale : 1,160-1,250 

Reddish  brown  sandstone,  more  or  less  broken;  second  Dakota  water 

rose  800  feet  from  1,325  feet 1,250-1,325 

Shale 1,325-1,370 

Water  obtained  from  Dakota  sandstone.  In  pumping  the  well  for  several  months 
the  water  which  originally  stood  at  a  level  of  almut  HSO  feet  below  the  ground  line 
was  lowered  gradually  to  alx)ut  1,000  feet  below  the  ground  line,  and  the  diflSculty 
in  pumping  the  limited  amount  of  water  (about  30  gallons  a  minute)  was  so  great 
that  the  well  was  abandoned. 

SO.    WeU  No.  S  on  the  Robb  farm,  SE.  \  of  SE.  \  of  T.  25,  R.  12  {near  Neal),  Green- 
wood County,  Kans. 

[Begun  October  8, 1904;  completed  November  12,  1904.    Authority,  F.  R.  Gammon,  owner.] 

Feet. 

Soil  and  clay 0-  20 

(iravel 20-  30 

Blue  clay 30-  60 

Limestone 60-  80 

Blueshale 80-103 

Limestone 10:^-126 

Blueshale 126-141 
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Feet. 

Red  shale 141-164 

Blueshale 154-171 

Limestone 171-187 

Shale 187-234 

Limestone 234-238 

Shale 238-285 

Sandy  shale 285-308 

Blue  shale , •. 308-345 

Limestone 345-348 

Shale 348-350 

Limestone 350-363 

Sandstone;  water 363-3^1 

Shale 381-386 

Blue  shale;  8^  inch  casing 386-505 

Limestone 505-550 

Soft  limestone;  had  to  put  in  water  to  drill .' 550-560 

Limestone;  15  feet  soft 560-596 

Hard  limestone 596-645 

Limestone 645-655 

Blue  shale 655-675 

Limestone 675-685 

Sandy  shale 685-700 

Blue  shale -^ 700-792 

Very  hard  limestone 792-812 

Blue  shale 812-842 

Limestone;  water 842-882 

Sandstone 1 882-902 

Limestone;  strong  odor  of  oil 902-920 

Black  shale 920-927 

Limestone 927-932 

Oil  sand 932 

83.    Well  No.  i,  an  the  Logan  farm,  W.  J  SW,  \  sec.  g7,  T.  SS,  R.  15  (9  milea  south  of 
Independence) ^  Montgomery  County ^  Kans. 

[Begun  April  25, 1904:  completed  May  13,  19(M.    Authority,  A.  J.  Voice,  owner.] 

Feet. 

Surface  soil 0-15 

Shale  and  lime  shell 15-120 

Limestone 1 120-135 

Dark  shale 135-140 

Gritty  shale 140-165 

Limestone 165-175 

Shale  (limy) 175-220 

Limestone 220-260 

Sandstone;  water  and  gas 260-275 

Shale 275-330 

Limestone 3:^0-335 

Shale  (limy) 3.^5-465 

Limestone 465-495 

Shale  (limy) 495-525 

Limestone 525-5;i5 

Shale 5:V)~540 

Limestone 540-555 
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Feet. 

Shale 556-    585 

Sandstone;  water 585-    640 

Gritty  shale 640-    680 

Limestone 680-    705 

Black  shale 705-    710 

Shale  (limy) 710-    725 

Gray  sand;  oil 726-    730 

Gritty  shale : 730-    740 

Gray  sand 740-    760 

Black  shale 760-    783 

"Big  lime'' 783-    818 

Black  shale 818-    825 

Limestone 825-    853 

Shale,  gas  and  water 853-    855 

Limestone 855-    87^ 

Black  shale .* 875-    885 

Sandstone;  water 886-    895 

Shale  (limy) 8»5-    955 

Dark  shale • 955-    966 

Gritty  shale  (limy) 960-    990 

Shale 990-1,005 

Shale  (limy) 1,006-1,080 

Dark  limestone 1,080-1,116 

Sand;  gas 1,11&-1,118 

Hard  gritty  shale... , 1,118-1,142 

Sandstone;  gas ^ 1, 142-1, 160 

Yield  first  twenty-four  hours,  18,000,000  feet;  initial  pressure,  480  pounds.     Forty- 
one,  feet  of  8} -inch  casing,  950  feet  of  6i-inch  casing. 

S4.   Well  No.  i22,  mi  the  S.  Smith  farm,  SE.  J  of  SE.  J  sec.  10,  T.  £7,  R.  IS  (t  miUs  NE, 
of  Chanute),  Neosho  County,  Kans. 

[Beinin  November  9;  completed  November  27,  1904.    Authority,  J.  F.  Allen,  field  manager  for 

I.  N.  Knapp.) 

Feet. 

Surface  soil 0-20 

Brown  gravel  ;'fre8h  water 20-  30 

Hard  gray  limestone. 30-  66 

Sandstone 66-  61 

Hard  gray  limestone 61-  66 

Soft  gray  shale 65-  70 

Hard  gray  limestone 70-  76 

Soft  gray  sandstone 76-  80 

Soft  gray  limestone 80-115 

Soft  gray  shale  (limy) 115-125 

Soft  gray  limestone;  4  Imrrels  water  an  hour  at  128  feet 125-130 

Hani  gray  limestone 130-142 

Soft  gray  shale  (limy) 142-320 

Soft  light-gray  limestone 320-335 

Soft  gray  shale  (limy) 335-370 

Gray  sandstone;  salt  water  and  gas;  hole  filled  up  200  fec*t 370-385 

Soft  gray  shale  (limy ) 385-400 

Soft  gray  li mestone 400-120 

Shale 420-428 


Digitized  by  VjOOQIC 


LINES]                                             DETAILED    RECORDS.  87 

Feet. 

Hard  gray  limestone 428-458 

Soft  gray  shale  (limy) 458-490 

Hard  gray  limestone 490-513 

Hard  black  shale  (limy ) ;  water,  40  barrels  an  hour 513-521 

Hani  gray  limestone 521-528 

Soft  gray  shale  (limy) 528-715 

Soft  gray  shale  (sandy) ;  top  of  sand,  showing  of  oil 715-720 

Soft  gray  sandstone  and  shale  (limy) 720-728 

Sandstone;  oil  sand,  22  feet  of  pay  at  bottom 728-752 

Yield,  4  or  5  barrels  a  day.     Length  of  casing,  623  feet;  diameter,  5  inches. 

12S,    Well  1  mile  north  of  Bay  St,  Louis,  Hancock  County^  Miss, 
[Begun  October 29;  completed  November  20,  1904.    Authority,  John  L.  Ford,  driller.] 

Feet. 

Blue  sandy  clay 1 0-  10 

White  sand 10-  60 

Yellowsand 60-  95 

White  sand  and  gravel 95-145 

Green  clay 145-160 

Gray  sand 160-220 

Green  clay 220-350 

Gray  sand 350-370 

Green  clay 370-650 

Water  sand;  flows  50  gallons  a  minute 650-690 

Blue  clay 690-818 

Water  sand;  flows  225  gallons  a  minute 818-897 

Diameter  of  well,  3  inches. 

126,    Well  1\  miles  northwest  of  Moss  Point,  Jackson  County,  Miss, 

[Begun  October  3, 1904;  completed  October  12, 19(M.    Authority,  John  L.  Ford,  driller.] 

Feet. 

Hard  yellow  clay  (sandy)  0-  20 

Yellow  sand 20-35 

Clay  (sandy,  variegated ) 35-  50 

Sand  (fine  white) 50-100 

Sand  (coarse,  white) : 100-140 

Clay  (sandy)  140-210 

Sand  (fine  white) 210-220 

Clay ■ 220-370 

Sand  (fine,  white) 370-390 

Clay 390-710 

Sand  (finegray) 710-790 

Clay 790 

Main  water  supply,  770  to  790  feet.     Yield,  135  gallons  per  minute. 

J^.    Well  at  Moherly,  Randolph  County,  Mo. 

[Authority,  A.  P.  Phillips,  driller  and  manager.] 

Feet. 

Clay  and  quicksand ^ 0-115 

Blue  sandnttme 1 15-127 

Blue  and  white  sandstone 1 27-VV2 

(iray  sandstone i:{2-137 

Blue  flint 137-146 
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Feet. 

Blue  and  white  flint...      . 146-154 

Yellow  flint 154-160 

Yellow  sandstone 160-170 

Hard  white  sandstone 170-1 78 

(iray  sandstone 178-186 

(iray  sandstone  and  white  flint 186-191 

Yellow  sandstone 191-202 

Hard  white  flint 202-210 

Yellow  flint 210-218 

Blue  flint 21^-226 

Yellow  flint 226-230 

Blue  and  white  flint 230-250 

White  flint 250-260 

Blue  flint 260-263 

White  and  brown  flint 2a3-266 

Brown  flint 266-269 

White  sandstone 269-272 

Blue  sandstone 272-275 

Blue  dnd  white  sandstone 275-278 

White  sandstone 278-281 

Light-gray  sandstone - 281-289 

Light-brown  sandstone 289-290 

Dark-brown  sandstone 290-320 

(iray  sandstone 320-345 

White  sandstone 345-355 

White  and  yellow  sandstone 355-380 

Gray  sandstone 380-430 

Dark -gray  sandstone ^ 430-447 

Green  shale 447-450 

Dark  coarse  sandstone 450-460 

Dark-gray  sandstone 460-470 

Gray  sandstone 470-480 

Green  shale  and  gray  sandstone 480-490 

Light  and  dark  sandstone 490-510 

Dark-gray  sandstone 510-520 

Black  sandstone 520-560 

Brown  sandstone 560-570 

Dark -gray  sandstone 570-^580 

Gray  sandstone 580-590 

White  limestone 590-600 

Dark -gray  sandstone 600-607 

Green  shale 607-612 

Gray  sandstone 612-632 

White  gravel,  like  glass  sand ;  great  quantity  of  good  water 632-685 

(iray  sandstone 685-693 

(ireen  sandstone 693-705 

White  and  gray  sandstone 70^709 

(iray  sandstone 709-722 

Brown  sa/idstone 722-772 

Light-brown  sandstone 772-802 

(iray  sandstone 802-832 

Brown  sandstone 832-840 

Light-brown  sandstone 840-850 
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Feet. 

Clear  white  watersand;  salt  water  at  870  feet 850-    870 

Light-gray  sandstone 870-    960 

Brown  sandstone 960-1,020 

Dark-brown  sandstone 1, 020-1, 045 

Fine  brown  sandstone 1, 04t5-l ,  100 

Blm>k  and  brown  sandstone 1, 100-1 , 1 15 

Light-gray  sandstone : 1, 115-1, 150 

Gray  sandstone • 1,150-1,170 

White  and  gray  sandstone;  magnesia  water  at  1,180  feet 1,170-1,190 

Yellow  and  white  sandstone 1,190-1,200 

Dark-gray  sandstone 1,200-1,210 

Black  and  white  sandstone 1, 210-1 ,  215 

Gray  sandstone;  very  salty  water  at  1,215  feet 1, 215-1, 220 

Blue  and  white  flint 1,220-1,225 

Crevice  and  pebbles 1,225-1,230 

Blue  and  gray  sandstone 1,230-1,240 

Fine  white  sandstone 1,240-1,260 

White  flint 1,260-1,290 

Blue  and  gray  sandstone 1 ,  290-1 ,  300 

Dark-gray  sandstone 1,300-1,330 

Gray  sandstone 1, 330-1, 440 

Yellow  and  white  sandstone 1, 440-1, 450 

Blue  sandstone - 1 ,  450-1, 460 

Fine  white  sandstone 1, 460-1 ,  480 

Black  and  white  sandstone 1, 480-1, 500 

Brown  sandstone 1 ,  50O-1 ,  560 

Dark-red  sandstone. 1 ,  560-1, 600 

Light-brown  sandstone 1, 600-1 ,  660 

(iray  sandstone 1,660-1,690 

Brown  sandstone 1 ,  690- 1 ,  705 

Black  and  white  sandstone 1,  705-1, 965 

Dark-gray  sandstone 1,965-2,000 

Gray  sandstone 2,000-2,100 

Gray  shale 2,100 

Main  water  supply  at  632  feet.     Water  rose  to  within  70  feet  of  mouth  of  well. 

1S9.   Well  on  northwest  comer  of  Vamlerenler  and  Forrest  Park  lUmUrnrd^  St.  Ij)uiSy  }fo. 

[Begun  October  26,  completed  Pecember  7,  19(M.    Authority,  E.  I).  Meloy,  driller.] 

Feet. 

Filled  ground 0-  20 

Soft  gray  day 20-  40 

Sand  and  gravel 40-  60 

Hard  gray  limestone  (Hhaly ) ;  a  little  water (iO-  SO 

Soft  brown  limestone 80-100 

Hard  brown  limestone 1(K)-120 

Soft  gray  limestone;  water  140-im)  ami  185-210 120-240 

Soft  gray  shale 240-2(K) 

Hard  gray  linuwtone 2<iO-2<»5 

Soft  gray  limestone  and  shale 2(>5-2S0 

Gray  limestone;  showing  of  oil  2S()-2iK)  antl  mV325 2H(>-4(i0 

Very  hanl  gray  limesttme  and  chert 4*i0-470 

Hani  gray  limestone 470-485 

Soft  gray  shale 4SV-490 
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Feet. 

Hani  gray  limestone 490-510 

Soft  dark-red  shale;  showing  of  oil : 510-530 

Hard  gray  limestone 530-565 

Hard  gray  limestone  and  shale;  bad  caves 565-600 

Soft  black  shale;  a  little  oil 600-620 

Soft  brown  limestone,  Trenton;  a  little  oil 620-650 

*'  From  490  to  600  feet  is  probably  Kinderhook,  from  600  to  620  feet  is  probably 
Devonian  Ohio  shale.** — E.  O.  Ulrich. 

Well  yields  a  small  amount  of  gas. 

14L   Well  H  miles  northeagt  of  Pleasantt^lle,  Atlantic  County,  N,  J, 

[Begun  January  27,  1903,  completed  January  31,  1908.    Authority,  E.  E.  Lanpher,  aasistant  civil 
engineer,  Atlantic  City  water  department.] 

Elevation  of  mouth  of  well,  10  feet  A.  T.  Feet. 

Yellow  sand  and  gravel 0-  18 

Gravel  mixed  with  clay 18-  23 

Soft  blue  clay 23-  29 

Yellow  sand  and  wood 29-  35 

White  sand;  water-bearing 35-  65 

Yellow  sand  and  gravel ;  water-l)earing 55-100 

Hani  light-gray  clay  and  gravel 100-120 

Soft  gray  sand  and  clay 120-138 

Red  and  white  sand;  water  flowetl  over  casing  2  feet  above  ground 138-158 

CJoarse  and  fine  gray  sand 158-230 

Soft  gray  sand  and  clay 230-240 

Coarse  gray  sand 240-250 

Soft  greenish-gray  marl  and  sand,  growing  harder  toward  bottom  of  l>ed. . .  250-310 
Hard  gray  clay 310-320 

Well  discontinue*!  at  320  feet  in  a  rather  soft  gray  sandy  clay,  and  casing  with- 
drawn. Rig  used,  jet.  This  was  a  4}-inch  test  well  at  the  Absecon  Pumping  Station 
of  the  water  department  of  Atlantic  City.  The  location  is  the  same  as  that  of  the 
Unitetl  States  Meteorological  Station,  Pleasantville,  N.  J.  The  well  was  never 
pumped.  Within  one- fourth  mile  of  this  test  well  are  eleven  10-inch  and  one 
4J-inch  wells,  yielding  about  4,000,000  gallons  a  day  and  sunk  to  about  —95  eleva- 
tion, and  one  18-inch  well  yielding  about  700,000  gallojis  a  day,  sunk  to  al)oat  —190 
elevation.  All  these  wells  belong  to  the  water  department  of  Atlantic  City  and  are 
pumped  by  compressed  air. 

J57.    Well  one-half  mile  v^eM  of  Atlantic  Highlands,  Monmouth  County,  N.  J. 

[Boffun  October  1.  1904,  completed  November  1.  19(M.    Authority.  F.  E.  Price,  puperiutendent,  Atlan- 
tic HighlandM  Waterworks.] 

Feet. 

Red  sand  and  clay 0-    8 

Bluish  sand  and  marl 8-  16 

(iray  sand 16-  30 

Yellowish  sand  and  woo<l 30-  40 

Light-gray  sand ;  wockI  l)etween  137  and  157  feet 40-157 

Marl  ( dark  gray ) 157-244 

Marl  ( fine  gray  micacxjous  sand ) 244-272 

Dark-gray  sand 272-292 

Marl  (dark  gray) 292-346 
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Feet. 

Sand  and  clay  (white  and  (greenish) 340-365 

Sandy  clay  (fine  light-gray  micaceous  sand) 366-392 

Gray  Band 392^52 

Rig  oaed,  jet  Diameter  of  well,  4|  inches.  Length  of  casing,  412  feet.  Strainer 
inserted  at  412  feet.  Well  flows  20  gallons  a  minute  and  yields  125  gallons  by 
pumping. 

174'   Well  No,  1,  Group  B,  Solway  Process  Company,  TitUy,  Onondaga  County^  N.  Y, 

[Produced  brine  October  80, 1890.    Authority,  Solway  Procem  Company.] 

Elevation  of  floor  line,  509  feet  A.  T.  (Syracuse  datum.)  Feet. 

Drift 0-      12 

Hamilton: 

Soft  gray  shale 12-    i92 

Blueshale 192-    252 

Bluish-gray  shale 252-    302 

Gray  shale 302-    352 

Soft  gray  shale a52-    422 

Very  soft  gray  shale 422-    610 

Blueshale 610-    680 

Onondaga  or  Comiferous  limestone 680-    750 

Oriskany  sandstone 750-    770 

Salina  or  Lower  Helderberg?: 

Blue-black  magnesian  limestone 770-    795 

Ciray  gypseous  limestone 795-    885 

Blue-black  limestone 885-    895 

Salina: 

Gmy  magnesian  limestone 895-1 ,  025 

^'^y  gypseous  shale 1, 025-1, 090 

Greenish  limestone 1 ,  090-1 ,  135 

Black  gypseous  shale 1 ,  11^5-1, 1 75 

Salt 1,175-1,493 

Shale  at  1,493. 

^1,    Well  in  South  Lima  district^  F'mdlay^  Hancock  County^  Ohio, 

[Begun  October  10, 1904,  completed  October  23. 1904.    Authority,  J.  E.  Finnerty.J 

Feet. 

Surface  soil 0-  25 

Hard  gray  limestone;  good  drinking  water  l>etween  34  and  50  feet,  and 

black  sulphurous  water  between  50  and  60  feet 25-165 

Dark-blue  shale 165-170 

Dark-blue  limestone 1 70- 1 75 

Hard  gray  limestone '. 175-180 

Soft  gray  shale 180-185 

Hard  light-gray  and  brown  limestone 185-235 

Hard  dark-gray  shale 235-245 

Hard  light-brown  limestone 245-260 

Soft  light-blue  shale 260-310 

Soft  re<l  shale 310-355 

Soft  blue  shale 355-540 

Hard  blue  limestone 540-560 

Hard  bhie  shale 560-600 

Soft  blue  shale 600-950 
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Feet. 

Soft  brown  shale 950-1,040 

Soft  black  shale— harder  last  15  feet 1,040-1,115 

Trenton  limestone irll5-l,  158 

Twenty-five  feet  8 J-inch  drive  pipe.  Diameter  of  well,  6J  inches  from  25  to  1,158 
feet.  Length  of  casing,  310  feet  to  top  of  re<l  Me<lina  shale.  After  casing  was 
seated  and  found  tight,  drillers  made  from  115  to  130  feet  a  tour,  and  no  water  was 
found  until  well  was  finished  and  shot  with  100  quarts  of  glycerine.  After  the  shot 
there  was  more  salt  water  than  could  be  pumped,  so  the  well  was  plugged  and  casing 
pulleti.     Well  was  drille<l  for  gas.     Small  amount  obtained. 

^U'    Well  No.  2  on  Mrs.  L.  Dieruit  farm,  SW.  \  SW.  i  sec.  S,  T.  4,  R-  11  K  (onr-fottHh 
mile  east  of  Portage)  Woo<l  County y  Ohio. 

[Begun  November  1,  completed  November  19,  1904.    Samples  furnished  by  G.  F.  Munn,  owner.] 

Feet 

Surface  soil 0-      20 

Gray  limestone 20-    200 

Blue  shale 200-    220 

Gray  limestone 220-    260 

Brownish  limestone  and  pyrite 260-    280 

Blue  shale 280-    :U0 

Dark  re<l  shale 340-     'M)0 

Sample  missing 360-    .S80 

Blue  shale 380-    780 

Black  shale 780-    920 

Brownish  gray  limestone 920-    940 

Reddishshale 940-    960 

Gray  limestone 960-1,040 

Black  shale;  oil  sand  at  1,102  feet 1,040-1,120 

Brownish-gray  limestone  with  pyrite  at  1,180  feet 1, 120-1,262 

Diameter  of  well,  81  inches  from  0  to  300  feet,  6\  inches  from  300  to  1,262  feet. 
Length  of  casing,  300  feet.  Well  was  shot  with  120  quarts  of  glycerine.  Amount  of 
oil  obtained,  5  barrels  a  day.     (ias  pressure,  50  pounds. 

^4S.      Well  No.  6  on  tlie  L,  (\   Grimm  farm^  i}   miUs  northeast  of  Higher ^  (rreene 

County y  Pa. 

[Begun  June  6,  completed  AugURt  15, 1904.    Authority,  J.  J.  Reed,  driller.] 

Feet. 

Pittsburg  coal 920-    927 

Big  Dunkard  sand 1,422-1,517 

Gas  sand I,7a5-1,76() 

Salt  sand 1,770-1,960 

Big  lime 2,026-2,100 

Big  Injun  sand 2,1 15-2,  :M5 

Thirty-foot  sand 2,  745-2,  8a5 

Fifty-foot  sand 2,855-2,910 

Gordon  sand 2,969-2,994 

Shale 2,994-:^,0a5 

Fourth  sand 3,005-3,076 

Yield  of  oil:  10  barrels. 
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^44.    WeU  Xo.  1  on  the  John  IjtwU  /arm,  Morris  Townships  Greene  County y  Pa. 

[Beinin  October  13,  completed  December  15,  19(H.    Authority.  H.  A.  Reardon,  driller.] 

Feet 

Soft  yellow  clay 0-    16 

Soft  hUdt  shale 16-    180 

Soft  wUite  sandstone 180-    196 

Soft  black  shale ia5-    3m 

Hard  white  limestone 300-    4W 

Soft  black  shale 400-    650 

Hard  white  sandstone 550-    575 

Soft  black  shale 575-    600 

Hard  white  sandstone 600-    61^ 

Coal,  Waynesburg 635-    640 

Hard  white  limestone 640-    835 

Coal,  Mapletown 835-    840 

Hard  white  limestone 840-    935 

Coal,  Pittsburg — cable  measurement 935-    945 

Hani  white  limestone    945-1 ,  045 

Soft  red  shale 1,045-1,100 

Hard  white  limestone 1,100-1,200 

Soft  black  shale 1,200-1,335 

Hard  white  sandstone — Little  Dunkard  sand 1, 335-1,  '^50 

Soft  black  shale 1,350-1,450 

Hard  white  sandstone— Big  Dunkard  sand 1, 450-1, 510 

Soft  white  shale 1,510,1,560 

Hard  white  sandstone 1, 560-1 ,  585 

Soft  black  shale 1,585-1,685 

Soft  porous  white  sandstone — Gas  sand 1, 685-1 ,  770 

Soft  black  shale 1,770-1,802 

Hard  white  sandstone— Salt  sand 1,802-1,910 

Soft  black  shale 1,910-2,080 

Hard  white  limestone— Big  lime 2,080-2,135 

Hani  white  sandstone — Big  Injun 2, 135-2, 385 

Soft  white  shale 2,385-2,705 

Hard  white  sandstone— Thirty-foot  sand 2,705-2,735 

Soft  black  shale 2,7:^5-2,850 

Hard  white  sandstone— Fifty-foot  sand 2,850-2,900 

Soft  white  shale : 2,900-2,930 

Hard  white  sandstone— (iordon  sand— gas  at  2, 940 2, 930-2, 965 

Well  pnxluces  gas.     Diameter  of  casing,  13  inches  from  0  to  16  feet,  10  inches  from 
16  to  200  feet,  8  inches  from  200  to  1, 590  feet,  6  inches  from  1, 595  to  2, 145  feet. 

^54.  Well  No.  11  on  the  Adams  farm  in  tlie  Grand  VaUey  oil  fields  2  miles  east  of  Grand 
VaUtnfy  Eldred  Toumshipy  Warren  County ^  Pa. 

[Begun  July  25,  completed  Aufrust  11,  1900.    Authority,  Josiah  O.  Winger,  contractor.] 

Feet. 

Soft  yellow  subsoil ;  conductor  hole  16  inches  in  diameter 0-22 

Soft  shale  and  sandstone  with  little  change  in  the  beds;  end  of  8-inch  hole.     22-308 

Soft  black  shale 308-550 

Soft  light-gray  sandstone;  Second  sand;  no  showing  of  oil,  no  salt  water  ...  550-580 
Soft  blue  shale 580-733 
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Feet. 
Hani  reddish-brown  sand;    Third    sand.     This  stratum  overlies  the  oil 

stratum 73^-740 

Hard  light-gray  sandstone;  oil  and  gas 740-750 

Hard  white  sandstone;  salt  water  in  small  quantity 760-775 

Soft  light-gray  sandstone;  Second  pay  or  Newton  sand 775-785 

Hard  black  shale 785-^17 

This  well  compares  favorably  with  many  others  drilled  on  this  good  stretch  of 
territory.  Thickness  of  the  Third  Sand  varies  from  45  to  60  feet.  Wells  are  pro- 
ducing from  15  to  20  barrels  a  month  that  were  drilled  thirty-three  years  ago  and 
have  Ixsen  pumped  steadily  ever  since.  This  lease  is  known  as  the  "Dunderdale** 
lease.  It  includes  the  Dunderdale  farm,  Adams,  Grandon,  and  Reno  land.  .A  well 
designateil  in  Carl's  (leology  as  the  **Atlas''  well  was  drilled  within  half  a  mile  of 
this  property  in  1865  (1867?).  No  paying  wells  have  been  found  near  the  "Atlas,** 
which  produced  15  liarrels  a  day;  1,800  in  all. 

Diameter  of  well,  5}  inches  from  0  to  308  feet;  length  of  casing,  308  feet 

257,    Well  Xo.  3?  on  the  M,  Carlivright  farm^  NewUm  Pool^  2}  milen  northeast  of  Grand 
VaUq/y  in  Eldred  Thwnship^  Warren  County,  Pa, 

[Completed  September  7, 18»1.    Authority,  Josiah  G.  Winger,  contntctor.] 

Feet. 

Clay  sul)8oil ;  cooductor  hole  16  inches  in  diameter 0-  12 

Shale  and  sandstone;  end  of  8-inch  hole  and  end  of  casing.  This  section 
includes  first  bed  of  shale,  fresh-water  sand,  second  bed  of  shale,  and 
salt-water  sand.  The  last  sand  in  the  8-inch  hole  is  the  Second  sand 
**gravel  bed.**    The  gravel  bed  is  10  feet  thick  and  contains  oil  and  salt 

water 12-275 

Soft  black  shale;  a  shell  80  or  90  feet  above  the  Third  sand  is  scarcely 
perceptible  in  this  field,  but  farther  southwest  is  20  feet  thick  and  oil- 
bearing 275-404 

Hard  coarse  white  sandstone;  Third  sand.     This  sandstone  is  floode<i  with 

sweet  water,  which  rose  300  feet  in  the  well 404-430 

Hard  black  shale,  separating  sweet  from  salt  water  strata 430-433 

Hard  pebbly  white  sandstone;  salt  water  in  large  quantities 433-447 

Medium  hanl  gray  iHjbbly  sandstone — * '  Gas  sand  ** 447-449 

Soft  light  gray,  coarse-graine<l  sandstone;  pay  stratum  of  the  Third  Hand.  449-462 

Hard  black  shale 462-477.5 

In  this  well  the  sand  is  the  best' yet  found..  The  well  is  the  best  producer  in  the 
Newton  P(k>1.  It  produce<l  in  the  first  twenty-four  hours  and  for  several  succeeding 
days  65  Iwirrels  of  oil.  The  well  flowed  through  the  gas  pipe  and  pumped  through 
the  tubing.  When  the  well  was  a  year  old  it  was  jiroducing  13  barrels  a  day.  It  is 
now  ( Decern l)er,  ItHM)  producing  2  barrels  a  day. 

Diameter,  5|  inches  from  0  to  275  feet.  Length  of  casing,  275  feet  Initial  pres- 
sure, 85  pounds. 

JH6.    Well  No.  2  on  the  Philadelphia  tracts  (iH»m  Pool^  S  miles  icest  of  Grand  Valleyy 
Eldred  Toimtship,  Warrni  County ,  Pa. 

[Completed  Febniary,  1891     Authority,  Joalah  O.  Winger,  contractor] 

Feet. 

Subsoil ;  conductor  hole  ^6  inches  in  diameter 0-  18 

Hard  sandy  shale  (limy) 18-100 

Soft  gray  sandstone,  water 100-135 
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Feet. 

Soft  black  shale 135-150 

Hard  gray  sandstone;  first  stratum  of  First  sand 150-160 

Soft  black  shale 160-170 

Soft  gray  sandstone;  second  stratum  of  First  sand;  salt  water  cased  off. . .  170-185 

Soft  blue  shale;  end  of  8-inch  hole  and  end  of  5|-inch  casing 185-200 

Soft  black  shale 200-223 

Hard  white  sandstone,  pebbly;  Second  sand.     This  11  feet  of  sand  overlies  ^ 
the  oil  stratom.     It  is  separated  from  the  lower  stratum  by  a  layer  of 

shale  6  inches  thick 223-334 

Soft  white  sandstone,  pebbly.    This  21  feet  of  oil  sand  is  very  coarse,  fiill 
of  pebbles,  and  easy  to  drill.     Oil,  gas,  and  salt  water  in  this  lower 

stratum  of  the  Second  sand 334-355 

Black  shale;  "gravel  be<l"  from  661  to  671  feet 355-375.5 

This  is  the  best  Second  sand  pool  in  this  oil  field.  The  sand  is  very  porous.  One 
well  of  the  pool  has  a  record  of  over  6,000  barrels  of  oil  in  its  first  year.  The  best 
wells  fouml  in  the  pool  are  located  on  the  Theodore  Gilson  farm,  on  the  Spring  Creek 
and  Titusville  public  road.  The  pool  was  developed  by  Stewart  Brothers  and  later 
by  Tait  &  Patterson.  Yield  for  the  first  twenty-four  hours,  32  barrels  of  high- 
grade  oil. 

j?7^.    WeU  No.  19 f  on  the  Sayersfarm^  three-fourths  mile  mulheast  of  Grand  Valley,  Eldred 
Township,  Warren  County,  Pa, 

[Befpin  November  14;  e4>mpleted  November  22, 1904.    Authority,  Joslah  G.  Winger.] 

Feet. 

Soft  brownish  yellow  clay 0-  20 

Soft  brownish  yellow  quicksand  and  blue  clay 20-  80 

Soft  blue  clay  and  gravel 80-100 

Soft  gray  sandy  clay  and  gravel 100-120 

Hard  blue  sandstone 120-140 

Soft  variegatetl  sandstone;  5  feet  of  First  sand  at  155  feet 1 40-180 

Hard  black  shale 180-300 

Hani  gray  sandy  shale i 300-315 

Soft  blue  shale 315-340 

Hard  blue  shale 340-400 

Hard  blue  sandy  shale 400-420 

Hard  gray  shale  and  sandstone 420— i40 

Hard  gray  conglomerate;  Third  sand ;  oil  in  first  10  feet 440-460 

Hard  white  sandstone;  salt-water  sand 460-485 

(tray  sandstone;  gas  sand 485-490 

8f)ft  white  sandstone;  oil  sand,  the  lower  stratum  of  Third  sand 490-500 

Hard  shale 500-520 

The  quantity  of  salt  water  is  small,  on  account  of  the  remarkably  fine  texture  of 
the  salt-water  stratum.  The  sand  in  a  well  drilled  for  the  Stanton  Oil  Company  in 
1890,  only  80  feet  distant  from  this  one,  was  much  coarser  than  this,  and  the  salt 
water  was  so  plentiful  that  the  company  abandoned  the  well. 

Diameter  of  well,  8  inches  from  0  to  310  feet,  8-inch  drive  pipe  from  0  to  140  feet, 
6j-inch  casing  from  140  to  310  feet.  Before  the  6J-inch  casing  was  placed  fresh  water 
rose  to  within  60  feet  of  the  mouth  of  the  well.  Yield  of  oil  the  first  twenty-four 
hours,  12  barrels. 
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279.   Well  No.  4  on  the  Smith  farm,  2 J  miles  emU  of  Grand  Valley ,  Eldred  Tomiship, 

Warren  Country  Pa. 

[Begun  October  11;  completed  October  29, 1904.    Authority,  Jotuah  G.  Winger,  contractor.] 

Feet. 

Soft  yellow  Hubeoil 0-  17 

Soft  gray  shale 17-  60 

Gray  sandy  shale;  Mountain  sand 60-100 

Hard  gray  sandstone;  water  sand  between  160  and  220  feet 100-220 

Soft  gray  shale 220-235 

Hard  gray  and  black  sandy  shale 235-315 

Hard  gray,  fine-grained  sandstone;  the  **Cap'* 315-335 

Gray  sandstone;  oil  and  gas  in  small  (}uantities 335-355 

Light  gray  sandstone  and  shale 355-376 

Soft  gray  and  white  conglomerate 376-387 

Gray  sandy  shale 387-420 

Gray  shale 420-460 

Soft  black  shale 460-520 

(iray  fine  sandstone;  top  of  Third  sand  at  570,  but  irregular,  here  repre- 

senteil  by  a  mixture  of  shale  and  dark-colored  sandstone 520-590 

Soft  gray  sandstone;  "Gas  sand,"  inferior  quality,  no  gas  found 590-598 

Soft  light-gray  sandstone 598-605 

Soft  white  sandstone;  oil  sand.     One  gallon  of  oil  was  washed  from  the 

se<liment  from  this  5  feet  of  drillings 605-610 

Soft  black  shale 610-632 

The  well  stood  thirty-six  hours  before  it  was  torpetloeil,  and  had  accumulated  5 
gallons  of  oil.  Forty-five  minut*»8  after  torpedo  was  exploded  oil  rose  in  the  well  to 
a  height  of  130  feet.  The  well  produced  12  barrels  of  good  oil  the  first  twenty-four 
hours. 

In  this  IKX)!  the  last  stratum  of  the  Third  sand  is  pay,  and  is  designated  "Newton 
sand."  Farther  south  the  first  stratum  is  oil  bearing,  and  is  designated  "Grand 
Valley  sand."  In  a  few  wells,  from  3  to  6  miles  south,  pay  is  found  in  both  the 
upper  and  lower  strata  of  the  Third  sand. 

Diameter  of  well,  8  inches  from  0  to  235  feet,  5|  inches  from  235  to  632i  feet. 
Length  of  casing,  235  feet. 

284'    Well  No.  25  on  the  Sturgesfarnif  4  miles  mnvth  of  Grand  VaUey^  sotUhtveM  toumnhipy 

Warren  County ^  Pa. 

[Begun  October  3;  completed  October  14,  1904.    Authority,  P.  B.  McCooI,  driller.] 

Feet 

Soil;  shell  at  32  feet 0-  40 

Soft  sliale;  soft  water  at  55  feet;  shell  60-80  (sandstone  100-120) 40-240 

Hani  gray  sandstone;  Mountain  sand 240-280 

Gray  shale  and  shells 280-440 

Gray  sand  shells;  first  oil  at  460 440-500 

(iray  sandntone;  First  sand 500-545  . 

Soft  gray  shale,  shelly  from  620  to  690 545-690 

Gray  sand  shells;  Second  sand 690-753 

Hard  gray  sandstone;  Third  sand 753-774 

Soft  gray  shale 774-789 

DiariK'ter  of  well,  8}  inches  from  0  to  285  feet;  5f  inches  from  285  to  789  feet; 
length  of  casing,  285  feet;  amount  of  oil  obtained,  5  barrels  a  day. 
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285.    Well  No.  7  on  tlw.  Hpeer  Jieirsfarmy  1 J  miles  north  of  Thoma»y  Washington  Count tf^  Pa, 
[Begrun  October 20;  completed  December  20,  1904.    Authority*,  James  Lyle.  contractor.] 

Feet. 

Soil  .....' 0-      20 

Harfl  gray  liuiestone 100-    150 

Hard  gray  limestone,  shaly 150-    200 

Soft  ciark-gray  shale 200-    250 

Soft  light-gray  shale 250-    330 

Pitteburgcoal 3:J0-    336 

Hard  gray  limestone :^36-    380 

Hard  gray  shale 380-    450 

Soft  red  shale .       450-    500 

Soft  gray  shale 500-    550 

Soft  red  shale 550-    600 

Soft  greenish  shale 600-    750 

Hard  gray  sandy  shale  with  some  lime 750-    800 

Soft  blue  sandy  limestone 800-    850 

Hard  light-gray  sandstone 850-    900 

Soft  light-gray  sandstone iKX)-    950 

Soft  dark-gray  shale 950-1 ,  000 

Dark-gray  shale,  sandy 1,000-1,082 

Coal;  freshwater 1,082-1,087 

Soft  light-gray  sandy  sliale 1, 087-1, 200 

Soft  light-gray  sandstone 1, 200-1, 250 

Soft  white  sandstone;  gas  at  1,285  feet 1, 250-1, 325 

Soft  dark-gray  shale 1, 325-1, 400 

Hard  gray  sandstone 1, 400-1, 500 

Hard  light-gray  sandstone 1, 500-1,  710 

Soft  gray  shale 1 ,  710-1 ,  930 

Hard  gray  shale 1, 930-1, 990 

Hard  gray  shaly  sandstone 1, 990-2, 050 

Light-gray  sandstone 2, 050-2, 100 

Soft  light-gray  sandy  shale 2, 100-2, 1 80 

Soft  light-gray  sandstone 2, 180-2, 243 

Blue  shale  and  white  sandstone 2, 243-2, 246 

Hard  gray  sandstone;  oil  sand;  steel-line  measurement 2, 24d-2, 252 

Soft  gray  sandstone;  pay,  oil  and  a  little  water 2, 252-2, 255 

Hard  white  sandstone 2, 255-2, 275 

Diameter  of  well,  13  inches  from  0  to  340  feet,  10  inches  from  340  to  696  feet,  8 
inches  from  696  to  1,547  feet,  6|  inches  from  1,547  to  2,275  feet.  Yield,  15  barrels 
a  day. 

^01.    Weil  Ik  miUs  west  of  Houston^  Harris  County ^  Tex. 

[Begun  December,  1903;  completed  February,  1904.    Authority,  J.  Crummy,  civil  engineer,  Houston 

Water  Company.] 

Feet. 

Reddish  sand ,.  0-  ;W 

Soft  gray  clay 30-  44 

86ft  red  sand  and  nx^k 44-  74 

Hftrd  red  clay 74-  89 

Sand  and  gravel 89-  93 

Hard  whiteclay 93-137 

Red  sand 137-210 
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Feet. 

Red  clay  and  gravel;  hard  drilling 210-    290 

Whitish  sand  and  gravel;  hard  drilling 290-    316 

Reddish  clay  and  gravel;  hard  drilling 316-    356 

Red  sand;  hard  drilling 356-    393 

White  clay  and  gravel 393-    466 

Light-gray  sand ' 4^    496 

Clay  and  gravel 496-    514 

Light-gray  sand 514-    526 

Gravel 526-    532 

Whitish  clay 532-    570 

Very  hard  rock 570-    571 

Whit©  sand  and  gravel 571-    585 

Reddishclay 585-    600 

Porous  rock 600-    602 

White  clay 602-    608 

Sand  and  gravel 608-    618 

Clay 618-    658 

White  gravel  and  clay 658-    668 

Sand 668-    678 

Porous  whitish  clay  and  rock 678-    687 

White  sand 687-    705 

Clay  and  gravel;  hard  drilling 705-    745 

W  h  itish  sand 745-    756 

Whiteclay 756-    772 

Sand 772-    810 

Clay 810-    815 

Sand 815-    835 

Whiteclay 835-    895 

White  sand .' 895-    940 

Reddish  clay  ! 940-1, 134 

Hard  rock 1,134-1,137 

Light-gray  sand 1, 137-1, 179 

Clay 1,179-1,236 

Whitish  sand 1,236-1,314 

Hard  rock 1,314-1,315 

Clay 1,315-1,354 

Sand 1,354-1,368 

Clay 1,368-1,430 

White  sand  and  gravel : 1, 430-1, 470 

Haid  clay  and  rock 1,  470-1, 600 

Hard  rock;  gas 1, 600-1, 605 

Clay 1,605-1,895 

Sand 1,895-1,907 

Red  clay  1,907-2,025 

Diameter  of  well,  8  inches  from  0  to  779  feet,  6  inches  from  479  to  1,219  feet,  and 
4  inches  from  1,219  to  1,225  feet. 

The  Houston  Water  Company  has  3  wells  in  stratum  between  137  and  200  feet,  6 
between  290  and  316,  5  between  456  and  496,  2  between  571  and  585,  1  between  602 
and  618,  5  between  687  and  7^5,  6  between  772  and  810,  4  between  895  and  940,  4 
between  1,137  and  1,139,  and  3  l^etween  1,236  and  1,314  feet.  All  the  wells  are 
located  within  half  a  mile  radius.  They  have  a  closed  pressure  at  the  surfoce  of  from 
1  to  18  pounds  and  flow  from  1,000  to  8,000  gallons  a  day  each. 
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SOU,    Well  No,  1  on  the  L.  W,  Jx)ngfarm,  Humble  (17  miles  north  of  Houston) y  Harris 

Countyy  Tex. 

[Begun  September  17,  completed  December  22, 1904.    Authority,  P.  M.  Iranberry,  owner.] 

Feet. 

Soft  gray  sand 30-  40 

Hard  gray  clay 40-  60 

Hard  bluish  Band 60-215 

Hard  gray  sand  and  clay 215-310 

Hard  blue  sand  and  clay 310-400 

Coarse  gray  sand 400-470 

Fine  gray  sand 470-495 

Hard  blue  clay 495-508 

Hard  blue  sand  and  clay  mixed 508-572 

Hard  blue  clay 572-645 

Hard  blue  sand  and  clay  in  alternate  layers 645-710 

Hard  blue  shale 710-950 

Mixed  rock  and  sand  (limy) 950-990 

Marsh  gas  between  215  and  508  feet.  Considerable  gas  between  645  and  670  feet 
and  a  little  between  670  and  790  feet  Some  oil  and  much  gas  between  790  and  950 
feet.  Oil  between  951  and  990  feet.  Yield,  100  barrels  first  twenty-four  hours; 
gravity,  28°  Baum. 

Diameter  of  well,  11|  inches  from  0  to  310  feet,  6  inches  from  310  to  950  feet 
Strainer  inserted  at  951  feet 

SJS.    Well  No,  1  on  the  O.  Simmons  famif  threC'/ourths  mile  southwest  of  forks  of  Little 
Sandy,  Elk  Township,  Kanawha  Cxmnty,  W.  Va, 

[Begun  September  24,  completed  November  24, 1904.    Authority.  J.  G.  Weiler,  driller.] 

Feet. 

Surface  soil 0-  22 

Sand  ^sandy  clay  or  shale) 22-  40 

Shale 40-  60 

Sandstone;  fresh  water  rose  to  within  20  feet  of  surface 60-  70 

Soft  red  shale 70-  76 

Soft  gray  sandstone 76-124 

Hard  white  shale  (greenish) 124-155 

Light-gray  sandstone;  fresh  water  robe  to  within  10  feet  of  the  burface 155-170 

Hard  light-gray  shale 170-178 

Hard  light-gray  limestone  (sandstone) 178-184 

Hard  light-gray  sandstone 184-227 

Hard  gray  shale 227-233 

Hard  light-gray  sandstone , 233-300 

Hard  light-gray  shale 300-306 

Hard  white  sandstone 306-318 

Black  shale,  shelly 318-410 

Coal 410-412 

Black  shale,  shelly;  water  cased  off  at  425  feet 412-452 

Hard  white  sandstone 452-547 

Black  shale,  shelly 547-685 

Hard  white  sandstone ". 685-730 

Black  shale,  shelly 730-740 

Hard  white  sandstone 740-790 

Black  shale,  sheUy 790-^7 
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Feet. 

Hard  white  sandstone;  top  of  Salt  Sand;  pas  between  928  an<l  935;  esti- 
mated yield  500,000  feet  in  twenty-four  hours 857-    935 

Soft  white  sandstone;  salt  water;  steel  line  measurement 935-    942 

Soft  white  sandstone;  hole  filled  with  flowing  water 942-    965 

Hard  white  sandstone 965-    990 

Hard  white  sandstone  (brown) ;  well  stopped  flowing 990-1, 010 

Hard  gray  and  brown  sandstone 1, 010-1, 143 

Hard  black  shale 1,143-1,145 

Hard  white  sandstone 1, 145-1, 195 

Hard  dark-gray  limestone;  Bastard 1, 195-1 ,  210 

Hard  white  sandstone 1,210-1,329 

Soft  white  shale  ( blue) 1, 329-1 ,  345 

Hard  white  sandstone;  Maxton  and  Cairo  oil  sand 1, 345-1. 365 

Hard  white  sandstone;  bottom  of  Salt  sand 1, 365-1, 402 

Black  shale,  shelly;  pencil  slate 1, 402-1, 405 

Hard  gray  limestone,  **  Big  lime" 1, 405-1, 510 

Hard  gray  limestone;  should  Ihj  Ket»ner  sand,  was  hard  and  limy 1, 510-1, 554 

Soft  gray  sandstone,  ** Big  Injun  sand" 1, 554-1, 615 

Black  shale,  shelly , 1, 615-1, 700 

The  gas  in  the  Salt  sand  was  drowned  out  by  salt  water  at  1,010  feet.     Well  dry, 
casing  pulled. 

There  was  no  distinction  between  Keener  and  Big  Injun  san<]s  as  there  should  lie. 
Shale  brake  lietween  Keener  and  Big  Injun  sand. 

Diameter  of  casing  10  inches  from  0  to  40  feet,  8  inches  from  40  to  425  feet,  6| 
inches  from  425  to  1,345  feet. 

S^O.  F.  D.  Hawkim  Xo.  1,  HarrmiHe,  Riichie  County,  W.  Va. 

[Authority,  W.  F.  Graham.] 

Feet. 

Limestone 190-202 

Coal  and  shale 202-208 

Limestone  and  pyrite 208-220 

Oritty  limestone 220-250 

Red  limestone  (brown  shale) 258-266 

Gray  limestone 266-274 

Gray  shale 274-290 

Shale,  coal  and  pyrite 290-298 

Gray  sandstone 298-306 

Limestone  (sandstone) 306-314 

Gray  shale ...  314-322 

Limestone  ( limestone  and  shale) 322-351 

Gray  sandstone  . , 351-358 

Limestone  (sandstone) 358-365 

Sandstone 365-384 

Bedrock,  **  Little  Ked" 384-408 

Limestone  (shale) 408-422 

Shale 422-446 

Gritty  limest^me  (gray  sandstone,  limy) , 446-467 

Shale 467^82 

Limestone  (shale) 482-489 

Shale 489-497 

Limestone  (sandstone  and  shale) 497-608 

Kedrock,  ** Big  Red" 608-664 
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Feet. 

Sandgtone;  pyrite 664-    670 

Limestone  (gray  sandy  shale^  limy ) 670-    781 

Shale 781-    805 

Limestone;  pyrite  between  813  and  821  (shale  between  821  and  852) . . .  8a5-    852 

Shale *. 852-    867 

Limestone  (shale) 867-    873 

Shale  and  pyrite 873-    879 

Limestone  ( shale ) 879-    885 

Shale 885-    892 

Limestone  (shale) 892-    916 

Shale 916-    930 

Limestone  (shale) 930-     986 

Sandstone  (re<l  shale) 986-    992 

Shale 992-1,006 

Limestone  (shale) 1 ,  006-1, 018 

Shale 1,018-1,032 

Limestone  (shale) 1 ,  032-1, 045 

Sandstone;  Dunkard  Sand 1, 045-1, 155 

Shale  (coal  at  1,219) 1,155-1,219 

Sandstone 1,219-1,225 

Shale 1,225-1,241 

Sandstone;  Second  Cow  Run  sand ». 1, 241-1, 285 

Coal 1,285-1,300 

Sandstone 1,300-1,312 

Shale 1,312-1,328 

Sandstone 1, 328-1, 340 

Shale 1,340-1,348 

Limestone  (shale) 1, 348-1, 354 

Shale 1,354-1,378 

Limestone  (shale) 1,378-1,385 

Shale;  shells  from  1,408  to  1,414  feet 1,385-1,438 

Sandstone;  Gas  sand 1, 438-1, 463 

Shale 1,463-1,575 

Sandstone;  Salt  sand 1, 575-1, 614 

Shale 1,614-1,662 

Shells;  Maxton 1 ,  662-1, 669 

Limestone 1,669-1,696 

Shale ;  Cai rf> 1 ,  696-1 ,  699 

Limestone,  "Big  lime;"  top  of  Ketmer  at  1,752  feet,  very  small  show- 
ing of  gas.     Very  small  showing  of  light  yellow  oil  l>etween  1,782  and 

1,788  feet.     Steel  line  measurements  at  1,762  and  1,770  feet 1, 699-1, 807 

Sandstone  and  shale;  brake 1, 807-1, 813 

Sandstone,  *'Big  Injun;'*  pay,  gas  and  oil,  1,856-1,862  feet.     Steel  line 

measurement  taken  at  1,868  feet 1, 813-1, 873 

Shale 1,873-1,875 

Shot  with  10  quarts  of  glycerine  and  produced  12  barrels  flowing. 

Dr.  G^rge  H.  Ashley  made  the  following  report  to  Mr.  W.  F.  Graham  regarding 
the  geological  formations  encountered  in  this  well: 

"The  well  appears  to  have  starte<l  at  al)out  the  horizon  of  the  Washington  coal. 
The  coal  noted  at  298  feet  is  about  at  the  horizon  of  the  Uniontown.  The  sand- 
stone at  467  feet  may  l)e  the  Sewickley  sandstone.  The  horizon  of  the  Pittsburg 
coal  prolmbly  comes  at  a  depth  of  bt»tween  500  and  550  feet.  The  sandstone 
between  1,045  and  1,155  fiH't  is  [)r«>l)ably  the  Mahoning  or  *Cow  Run*  sandstone. 
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• 
The  coal  at  1,219  may  he  the  Lower  Freeport  or  one  of  the  Kittanning  coals.  Tlie 
coal  at  1,300  may  be  the  Lower  Kittanning  or  Clarion  coai.  Sandetone  and  shale 
from  1,438  to  1,496  is  probably  Pottsville,  including  the  Rait  sand  at  the  horizon 
assigned  by  Mr.  Graham.  The  lower  part  of  the  section  has  probably  been  cor- 
rectly referred  by  Mr.  Graham,  uiiless  it  be  in  the  case  of  the  Keener  sand,  which 
he  has  correlated  with  the  Siliceous  limestone  at  1,752  feet  The  existence  of  a  con- 
siderable thickness  of  limestone  below  would  indicate  that  this  occurs  in  the  Big 
Lime  (Greenbrier  limestone),  and  that  the  Keener  occurs  in  the  upper  part  of  the 
Big  Injun  immediately  below  1,807  feet.** 

SSS.   Well  No,  1  on  the  J.  Murphy  farm,  £  mile*  east  of  Hundred,  Wetzel  County,  W,  Va. 

[Begun  July  25,  completed  September  24, 1904.    Authority,  E.  J.  Akinn,  driller] 

Feet. 

Alluvium 0-      13 

Hard  limestone 13-      40 

Soft  shale .'. 40-      60 

Limestone  and  shale;  200  barrels  a  day  of  fresh  water,  slightly  sulphur- 
ous, caseoff  at  1 15  feet 60-    352 

Coal 352-    355 

Shale  and  soft  limestone 355-    425 

Coarse  white  sandstone 425-    445 

Soft  black  shale 445-    480 

Coarse  white  sandstone : 480-    500 

Fairview  or  Waynesburg  coal 500-    605 

Coarse  white  sandstone.    These  layers  of  sandstone  are  soft  but  wear 

the  bit  out  of  gage 505-    580 

Hard  limestone;  does  not  wear  the  bite 580-    640 

Harder  limestone;  breaks  heads  of  bite 640-    740 

Coal;  Mapletown 740-    745 

Hard  limestone 745-    750 

Shale 750-    790 

Hard  limestone 790-    825 

Soft  chalky  limestone 825-    844 

Coal;  Pitteburg 844-    852 

Limestone  and  shale 852-    870 

Gritty  limestone 870-    890 

Lime  shells  and  shale 890-    960 

Softpinkrock 960-    980 

Red  and  white  cave  rock 980-1, 234 

Sandstone;  Little  Dunkard  sand 1, 234-1, 275 

Soft  shale '. 1,275-1,312 

Sandstone;  Big  Dunkard  sand 1, 312-1, 348 

Shoftshale 1,348-1.400 

Sandstone;  Lower  Dunkard  sand 1, 400-1, 475 

Coal  (black  shale)  1,475-1,480 

Sandstone;  *' Gas'*  sand 1,480-1,610 

Shale 1,610-1,650 

Sandstone;  Salt  sand,  dry  in  this  well 1, 650-1, 890 

Shale 1,890-1,980 

Sandstone;  Maxton  sand,  generally  called  ** Little  lime.**  This  sand 
produces  paying  oil  wells  of  100  barrels  a  day  within  1  mile  of  this 
well.    This  well  yields  about  250,000  feet  of  gas  a  day  from  the  pay 

between  1,995  and  2,005  feet 1,980-2,030 

Sliale  and  Ihne  shells 2,0:^0-2,044 
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Limestone;  Big  lime 2,044-2,145 

Sandstone;  Big  Injun  sand;  some  gas  between  2,145  and  2,155  feet. 

The  well  will  yield  about  200,000  feet  a  day  from  this  pay 2, 145-2, 343 

Shale  with  limestone  and  sand  shells ...  2, 343-2, 900 

Sandstone;  Fifty-foot  sand 2,900-2,970 

Shale 2,970-2,988 

Sandstone;  Gordon  Stray  sand 2,988-3,008 

Shale;  brake 3,008-3,009 

Sandstone;  Gordon  sand;  a  little  gas,  about  50,000  feet  a  day,  be- 
tween 3,000  and  3,020  feet * 3,009-3,040 

Shale 3,040^,055 

Sandstone;  Fourth  sand;  this  is  the  sand  the  well  was  drilled  for.    A 
well  flowed  50  barrels  an  hour  1,000  feet  from  this  well.    This  one, 

however,  is  dry 3, 055-3, 075 

Shale  and  shells 3,075-3,100 

Shale 3,100-3,236.5 

The  Fourth  sand  formation  and  also  the  Bayard  Sand  were  missing  in  this  well. 
Diameter  of  casing  10  inches  from  0  to  115  feet,  8  inches  from  115  to  1,234  feet, 
6  inches  from  1,234  to  2,132  feet. 
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Accuracy  In  well  recorda.  Importance 

of 12-20 

Address  ot  drillers  and  well  owners ; 

methods  of  obtainlns-  28-29 

Alabama,  well  drilling  In 42^3 

Albany,  Ind.,  well  near,  record  of 82 

Alluvium,  definition  of 34 

Arkansas,  well  drilling  In 42-43 

Atlantic  Highlands,  N.  J.,  well  near, 

record  of 90-91 

Bay    St.    Louis,    Miss.,    well    near, 

record  of 87 

Belvldere,  111.,  well  at,  record  of 80 

Burlington,  Iowa,  well  at,  record  of_         83 

California,  well  drilling  In 42-43 

well  records  In --  78-70 

Casing,  use  of,  value  of  records  in 
determining     necessity 

for 16 

Cave  rock,  occurrence  of,  value  of 
records  in  determina- 
tion of 10 

Chalk,  definition  of 34 

Chanute,  Kans.,  well  near,  record  of_  80-87 
Cherokee.  Iowa,  well  near,  record  of_  82-83 

Clay,  definition  of .34 

Clippings,  manner  of  filing 29 

Colorado,  well  drilling  in 44-45 

well  record  In 79 

Concretions,  definition  of 34 

Conglomerate,  definition  of 34 

Connecticut,  well  drilling  In 44—45 

Contractors.     See  Drillers. 
Cooperation    with    State    geologists, 

discussion  of 38 

Darton,  N.  II.,  work  of 24 

Davenport,  Iowa,  well  at,  record  of_         84 

Dolomite,  definition  of 34 

Drillers,    addresses    of,    methods    of 

obtaining 28-29 

letter  sent  to 30.31 

list   of 8-11 

suggestions    to 32 

value  of  r€»cord«  to 14-10 

Eldrldge,  O.  n.,  notes  prepared  by 33 

Flndlay,  Ohio,  well  at,  record  of 91-02 

Florida,  well  drilling  In 44-45 

Formation,  definition  of 33 

Puller.  M.  L.,  work  of 21.24 

Qaa  and  oil  wells,  records,  of,  value 

of 17 


Page. 

Geologist,  value  of  records  to 20 

(icorgla,  well  drilling  In 46-47 

Gneiss,  definition  of 34 

Grand   Valley,   Pa.,   wells  near,   rec- 
ords of 93-90 

Granite,  definition  of 34 

Gravel,  definitions  of 34 

HarrlsvlUe,   W.  Va.,  well  at,  record 

of 100-102 

Hlgbee,  Pa.,  well  near,  record  of 92 

Horace,  Kans.,  well  at,  record  of 84 

Houston,  Tex.,  well  near',  record  of_  97-98 

Humble,  Tex.,  well  at,  record  of 99 

Hundred,    W.    Va.,    well    at,    record 

of : 102-103 

Hydrology,  Division  of.  history  and 

work  of 21-27 

Idaho,  well  drilling  in 46-47 

Igneous  rocks,  definition  of 33,  34 

Illinois,  well  drilling  in 46-47.48-49 

well  records  In - 80-81 

Independence,  Kans.,  well  near,  rec- 
ord of 85-80 

Indian  Territory,  well  drilling  In 48-49 

Indiana,  well  drilling  in 48-49 

well  records  In 82 

Inquiry  blanks,  forms  of 24-25 

Iowa,  well  drilling  In 48-49 

well  records  in 82-84 

Kansas,  well  drilling  In 50-51 

well  records  in 84-87 

Kentucky,  well  drilling  In 50-51 

Kewanee,  111.,  well  near,  record  of 80-81 

I>ajunta,  Colo.,  well  at,  record  of 79 

Letters    sent    to    drillers    and    well 

owners,  copies  of 30,  31 

Limestone,  definition  of .34 

Lines,  E.  F..  work  of 26 

Tx>ul8lana.  well  drilling  In 52-53 

Mailing  list,  preparation  of 29 

Maine,  well  drilling  In 52-53 

Marble,  definition  of 34 

Marl,  definition  of 34 

Massachusetts,  well  drilling  In 52-53 

Metamorphic  rocks,  definition  of 33,34 

Michigan,  well  drilling  In 52-53 

Minnesota,  well  drilling  In 54-55 

Mississippi,  well  drilling  in 54-55 

well  records  In 87 

Missouri,  well  drilling  in 54—55 

well  records  in H7-90 

lOo 
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Moberly.  Mo.,  well  at,  record  of 87-89 

Montana,  well  drllllnfr  In 64-55 

Morris  Township,  Pa.,  well  in.  record 

of 93 

Moss  Point.  Miss.,  well  near,  record 

of - 87 

Napervllle.  111.,  well  at.  record  of 80 

Neal.  Kans.,  well  near,  record  of 84-85 

Nebraska,  well  drilling  In 66-57 

New  Hampshire,  well  drilling  In 56-57 

New  Jersey,  well  drilling  In..  56-57.  58-59 

well  records  In 90-91 

New  Mexico,  well  drilling  in 58-59 

New  York,  well  drilling  In 58-59 

well  records  In 91 

North  Carolina,  well  drilling  In 60-61 

Notebook  for  drillers,  description  of.  32-35 

Ohio,  well  drilling  In 60-61.62-63 

well  records  in 91-92 

Oil  and  gas  wells,  records  of.  value  of.  14-17 

Oregon,  well  drilling  In 62-63 

Owners  of  wells,  addresses  of.  method 

of  obtaining 28-29 

letters  sent  to 30-31 

value  of  records  to 18-19 

Pennsylvania,  well  drilling  In 62-71 

well  records  In ^-_  92-97 

Pleasantvllle.  N.  J.,  well  near,  record 

.  of 90 

Point  Loma.  Cal..  well  at,  record  of.         79 

Portage.  Ohio,  well  at,  record  of 92 

Productive  rock,  depth  to.  value  of 
records  in  the  deter- 
mination  of 14-15 

Publications  proposed,  description  of.         39 

Quartslte.  deflultlon  of 34 

Records,  accuracy  of,  importance  of.  12-20 

collection  of,  methods  of 27-39 

form  used  In  obtaining 38 

value  of 14-19 

Redkey.  Ind.,  well  near,  record  of 82 

Rhode  Island,  well  drilling  In 70-71 


Page. 

St.  Louis,  Mo.,  well  at,  record  of 89-90 

Samples,  collection,  examination, 
storage,  etc.,  of.  meth- 
ods of 35-37 

Samples  and   records,   collection  of, 

methods  of 27-39 

Sand,  definition  of .34 

Sandstone,  definition  of 34 

Schist,  definition  of 34 

Seaside,  Cal.,  well  at,  record  of 78 

Sedimentary  rocks,  definition  of 33.  34 

Shale,  definition  of 34 

Slate,  definition  of 34 

Soapstone.  definition  of 34 

Soil,  definition  of 34 

South  Dakota,  well  drilling  in 70-71 

Streator.  111.,  well  at.  record  of 81 

Structure,  determination  of,  value  of 

records  in 17 

notes  on 33 

Talc,  definition  of 34 

Tennessee,  well  drilling  In 70-71 

Texas,  well  drilling  In.i. 72-73 

well  records  In 97-99 

Thomas.  Pa.,  well  near,  record  of 97 

Till,  definition  of 31 

Trap,  definition  of 34 

TuUy.  N.  Y..  well  at.  recqrd  of 91 

Utah,  well  drilling  in 74-75 

Veatch.  A.  C,  notes  prepared  by 32 

work   of 26.  28 

Virginia,  well  drilling  in 74-7r» 

Washington,  well  drilling  in 74-76 

Water  supplies,  occurrence  of,  value 
of  records  In  deter- 
mination of 15-16 

Water  wells,  records  of,  value  of 18-19 

Well  records.     See  Records. 

West  Virginia,  well  drilling  in.  74-75,  76-77 

well  records  In 99-102 

Wisconsin,  well  drilling  In 76-77 

Wyoming,  well  drilling  in 76-77 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Bulletin  No.  264.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
United  States— folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
States— folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a^  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
in  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  £,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  bulletin  is  the  fifty-eighth  in  Series  A,  and  the  thirty-eighth  in  Series  B, 
tlie  complete  lists  of  which  follow.  (PP=Professional  Paper;  B=Bulletin;  WS= 
Water-Supply  Paper.) 

SERIES  A.  ECONOMIC  GEOLOGY. 

B  21.  LlKnites  of  Great  Sioux  Reservation:  Report  on  region  tietween  Grand  and  Moreau  riven, 

Dakota,  by  BaUey  Willis.    1885.    16  pp.,  6  pis.    (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  F.  Penrose,  Jr.,  with  introduction 

by  N.  8.  Shaler.    1888.    148  pp.    (Out  of  stock.) 
B  65.  Stratiicraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Viririnia,  by  I.  C. 

White.    1891.    212  pp.,  11  pis.    (Out  of  stock.) 
B  IIL  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    1893.    106 

pp.,  6  pis. 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.    1896.    31  pp. 
B  138.  Artesian-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    1896.    228  pp.,  19 

pis.    (Out  of  stock.) 
B 139.  Geology  of  Castle  Mountain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirsson.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J.  C.  Branner.    1896.    114  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan.  including  a  report 

on  igneous  rocks  from  the  San  Carlos  coal  field,  by  £.  C.  E.  Lord.    1900.    100  pp..  11  pis. 
B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp..  1  pi. 

B  180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.    1901.    98  pp.,  14  pis. 
B  182.  A  report  on  the  economic  geology  of  the  SUverton  quadrangle,  Colorado,  by  F.  L.  Ransome. 

1901.  266  pp.,  16  pis. 

B  184.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  coal  measures  and  of  the  Upper 
Cretaceous  and  Tertiary  of  the  western  Gulf  coast,  by  G.  I.  Adams.  1901.  64  pp.,  10  pis. 
(Out  of  stock.) 

B  193.  The  geological  relations  and  distribution  of  platinum  and  associated  metals,  by  J.  F.  Kemp. 

1902.  95  pp.,  6  pis.     (Out  of  stock.) 

B  198.  The  Berea  grit  oil  sand  in  the  Cadiz  quadrangle,  Ohio,  by  W.  T.  Oriswold.    1902.    43  pp..  1  pi. 
PP 1.  Prelimlnar>'  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 

the  geology  of  southeastern  Alaska,  by  Alfred  Hulsc  Brooks.    1902.    120  pp.,  2  pis. 
B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  M.  R.  Campbell. 

1902.    23  pp.,  1  pi. 
B  202.  Tests  for  gold  and  silver  in  shales  from  western  Kansas,  by  Waldemar  Lindgren.    1902,    21  pp. 
Pi' 2.  Reconnaissance  of  the  northwestpm  portion  of  Seward  Peninsula.  Alaska,  by  A.J.  Collier, 

1902.    70  pp.,  11  pis. 
PP  10.  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound.  Alaska,  by  way  of  Dall,  Kanuti.  Allen, 

and  Kowak  rivers,  by  W.  C.  MendenhHll.    1902.    68  pp..  10  pis. 
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II  ADVERTISEMENT. 

PP  11.  ClRys  of  the  United  States  eaat  of  the  Missiaaippi  River,  by  Helnrich  Ries.    1908.   298  pp..  9  pis. 

PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1903.    168  pp.,  27  pis. 

B  212.  Oil  fleldH  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Hayes  and  William  Kennedy. 

1903.  174  pp.,  11  pis. 

B  213.  Contributions  to  economic  geology,  1902;  S.  F.  Emmons,  C.  W.  Hayes,  geologists  in  charge. 

1908.    449  pp. 
PP  15.  The  mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  VV.  C.  Mendenhall  and 

F.  C.  Sehrader.    1903.    71  pp.,  10  pis. 
B  218.  Coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    1903.    71  pp.,  6  pis. 
B  219.  The  ore  deposits  of  Tonopah,  Nevada  (prellminar>'  report),  by  J.  E.  Spurr.    1908.    31  pp.,  1  pi. 
PP  20.  A  reconnaissance  in  northern  Alaska,  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PP  21.  Geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168  pp.. 

29  pis. 
B  223.  Gypsum  deposits  of  the  ('nited  States,  by  G.  I.  Adams  and  others.    1904.    129  pp.,  21  pis. 
PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp..  27  pK 
PP  25.  Copper  deposits  of  the  Encampment  district,  Wyoming,  Colonido,  by  A.  C.  Spencer.    1904. 

107  pp.,  2  pis. 
B  225.  Contributions  to  economic  geology,  1903;  S.  F.  Emmons,  C.  W.  Hayt»s,  geologists  in  charge. 

1904.  527  pp.,  1  pi. 

PP  26.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar,  jr.    1904.    222  pp.,  20  pis. 
PP  27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  in  Mon- 
tana and  Idaho,  by  Waldemar  Lindgren.    1901.    123  pp.,  15  pis. 
B  229.  Tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    1904.    61  pp.,  7  pLs. 
B  236.  The  Porcupine  placer  district,  Alaska,  by  C.  W.  Wright.    1904.    35  pp.,  10  pis. 
B  238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  Erasmus  Haworth,  and 

W.  R.  Crane.    1904.    83  pp.,  11  pis. 
B  243.  Cement  materials  and  industry  of  the  United  States,  by  E.  C.  Eckel.    1905.    —  pp.,  15  pis. 
B  246.  Zinc  and  lead  deposits  of  northwestern  Illinois,  by  H.  Foster  Bain.    1904.    56  pp..  5  pis. 
B  247.  The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska,  by  F.  U.  Mofflt.    1905.    85  pp.,  14  pis. 
B  249.  Limestones  of  southea-stem  Pennsylvania,  by  F.  G.  Clapp.    1905.    52  pp.,  7  pis. 
B  250.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 

deposits,  by  G.  C.  Martin.    1905.    65  pp.,  7  pis. 
B251.  The  gold  placers  of  the  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M. 

Prindle.    19a5.    89  pp..  16  pis. 
W8  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp., 

8  pis. 
PP  36.  The  lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  S.  T. 

Smith.    1905.    218T)p.,  15pK 
PP  38.  Economic  geolog>'  of  the  Bingham  mining  district  of  Utah,  by  J.  M.  Boutwell,  with  a  chapter 

on  areal  geology,  by  Arthur  Keith,  and  an  introduction  on  general  geology,  by  8.  F. 

Emmons.    1905.    —  pp.,  49  pis. 
PP  41.  The  geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendenhall.    1906.    —  pp.. 

—  pis. 

B  254.  Report  of  progress  in  the  geological  resurvey  of  the  Cripple  Creek  district,  Colorado,  by  Walde- 
mar Lindgren  and  F.  L.  Ransome.    1904.    36  pp. 
B  255.  The  fluorspar  deposits  of  southern  Illinois,  by  H.  Foster  Bain.    1905.    76  pp.,  6  pK 
B  256.  Mineral  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone.    1905.    —  pp.. 

—  pis. 

B  259.  Report  on  progress  of  investigations  of  mineral  resources  of  Alaska  in  1904,  by  A.  H.  Brooks 

and  others.    19a5.    196  pp.,  3  pis. 
U  260.  Contributions  to  economic  geology,  1904,  8.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1905.  —  pp..— pK 

B  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 
Sur\'ey  at  the  Louisiai.a  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes, 
and  M.  R.  CamplwU,  committee  In  charge.    1906.    172  pp. 

B  263.  Methods  and  cost  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Purington.    1906. 

PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  Spurr.    1905. 

PP  43.  The  copper  dcpositJ<  of  Clifton-Morenci,  Arizona,  by  Waldemar  Lindgren.    1905. 

B264.  Record  of  dwp  well  drilling  for  1904.  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.  1905. 
106  pp. 

Sbbies  O— Underground  Waters. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  (ieoixkjical  Survey, 
Washington^  D,  6'.,  Xoremher  IS^  190 1^. 
Sir  :  I  transmit  herewith  the  manuscript  of  a  report  on  the  geology 
of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman,  and  recommend 
its  publication  as  a  bulletin.  The  report  has  grown  out  of  a  study  of 
the  Boulder  oil  field,  begun  by  Doctor  Fenneman  in  1902,  w^hen  this 
field  first  came  into  prominence.  Two  preliminary  reports,  giving 
the  more  important  facts  of  economic  interest  bearing  on  the  oil 
field,  together  with  records  of  drilling  and  production,  have  been 
published  in  Bulletins  213  and  225,  Contributions  to  Economic 
Geology,  1902  and  1903.  The  present  report  covei^s  the  general 
geology  of  the  district,  its  physiography,  stratigraphy,  and  struc- 
ture, as  well  as  its  economic  mineral  resources,  including  water,  stone, 
clay,  coal,  oil,  and  gas.  It  is  a  model  discussion  of  a  small  but 
exceptionally  interesting  district,  and  will  prove  of  both  economic 
and  scientific  value. 

Very  respectfully, 

C.  W.  Hayes, 
Geologist  in  Charge  of  Geology, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Svrreg, 


Digitized  by  VjOOQIC 


Die  itized  by  VjOOQLC 


GEOLOGY  OF  THE  BOULDER  DISTRICT,  COLORADO. 


By  N.  M.  Fenneman. 


rNTRODUCTION. 

The  area  described  in  this  report  is  a  rectangle  16  miles  north  and 
south  by  9  miles  east  and  west.  The  city  of  Boulder  is  situated 
southwest  of  its  center.  The  immediate  occasion  of  the  survey  was 
the  finding  of  petroleum,  supposedly  in  paying  quantities.  The 
chief  exploitation  for  oil  has  been  near  the  center  of  the  area,  from 
2  to  4  miles  northeast  of  Boulder. 

The  study  was  extended  southward  beyond  the  village  of  Marshall, 
where  the  structure  is  more  apparent  than  it  is  farther. north.  The 
northern  limit  of  the  area  mapped  was  determined  largely  by  the 
broad  elevation  known  as  ''  Table  Mesa,*'  whose  mantle  of  gravel 
conceals  all  the  older  strata  for  several  miles,  and  which  has  not 
been  pierced  by  the  drill.  It  was  found  necessary  to  extend  the 
work  to  the  north  side  of  this  mesa,  where  there  are  exposures  that 
furnish  essential  data  for  the  structural  problems.  The  work  was 
carried  east  far  enough  to  include  the  excellent  exposures  of  the 
'^  ^Miite  Rocks  "  at  the  south  end  of  (lunbarrel  Hill ;  it  was  extended 
west  beyond  the  stratified -rock  foothills,  which  contain  the  chief 
evidences  of  the  structure. 

It  was  necessary  to  make  a  careful  study  of  areas  at  considerable 
distances  from  the  oil  wells,  because  the  wells  are  located  in  the 
broa<l  central  portion  of  the  district  on  the  outcrop  of  the  Pierre 
shales,  which  are  in  general  so  nonresistant  and  homogeneous  that 
exposures  of  solid  nx'k  are  exti'emely  rare.  Here  and  there  in  the 
fields,  or  on  the  side  of  an  irrigating  ditch,  the  presence  of  a  thin 
harder  l)ed  may  be  indicated  by  a  few  rwk  fragments  and  a  sandier 
soil,  but  generally  the  l)ed  is  not  strong  enough  to  cause  even  a  small 
ridge,  although  a  little  excavation  may  sometimes  reveal  its  position. 
Such  indications  and  the  inferences  from  the  comparison  of  not  very 
satisfactory  well  records  are  the  only  direct  means  by  which  the 
structure  in  the  inmiediate  vicinity  of  the  oil  wells  can  be  determined. 

It  is  otherwise  on  the  Iwrders  of  the  area.  On  the  west  are  fine 
exposures  of  the  firm  rocks  of  the  foothills.     On  the  south,  in  the 
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10  GEOLOGY   OF    THE    BOULDER   DISTRICT,  COLORADO,     [b. 

Marshall  coal  field,  are  the  eroded  folds  and  scarps  of  the  Laramie 
sandstone.  On  the  east  the  Fox  Hills  and  Laramie  sandstones  offer 
good  exposures.  At  the  north  end  Haystack  Mountain,  the  only 
remnant  of  a  terrace  higher  than  Table  Mesa,  affords  an  excellent 
opportunity  to  study  the  Pierre  shales.  At  this  end  of  the  field 
even  the  Pierre  contains  one  or  more  sandstone  strata,  which  outcrop 
in  definite  ridges.  The  structure  of  these  surrounding  districts, 
affords  a  good  basis  from  which  to  infer  the  probable  deformations 
of  the  strata  in  the  oil  territory.  It  is  evident  that  the  structural 
features  so  clearly  rev^ealed  in  the  foothill  belt  correspond  to  those  of 
the  oil  field.  Although  the  structural  features  of  the  shales  of  the 
oil  field  can  be  made  out  only  by  wearisome  search,  their  correlatives 
in  the  foothills  are  open  to  the  light  of  day.  The  practical  signifi- 
cance of  this  relation  will  be  evident  to  any  who  may  be  prospecting 
for  similar  deposits  of  oil  along  the  front  of  the  range. 

The  district  here  described  was  studied  by  the  Hayden  Survey,  anc 
its  general  features  are  discussed  in  the  reports  of  that  organizatioi 
published  in  18G9  and  1872.     The  portion  of  the  district  south  q 
Fourmile  Canyon  is  included  in  the  Denver  basin,  which  is  discussei 
in  Monograph  XXVII  of  the  United  States  Geological  Survey  far 
Emmons,   Eldridgc,   and   Cross.     The   southern   limit  of  the   arrf 
mapped  by  the  Fortieth  Parallel  Survey  is  a  few  miles  north  of  til 
district,  but  the  description  of  the  major  features  of  the  stratigrap| 
of  the  east  slope  of  the  Front  Range  as  given  in  the  report  of  tH 
organization  is  applicable  to  this  field.  ] 
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careful  observations  were  useful  at  various  places,  and  a  few  of 
are  given  si>ecific  mention  in  footnotes.     Judge  Junius  Hendersoi 
systematically  collected  fossils  from  the  district  and  his  coope 
was  found  valuable.     At  the  present  stage  of  the  study,  howev< 
was  not  deemed  advisable  to  attempt  a  systematic  treatment  of 
sils.     Mr.  William  R.  Rathvon,  who  has  handled  for  the  Unites] 
Company  practically  the  entire  product  of  the  oil  field,  has  g^ 
ously  furnished  exact  data  regarding  shipments,  and  has  given  i 
general  information  concerning  the  industrial  phases  of  the  sul 
The  plates  usihI  are  from  photographs  by  Prof.  /.  R.  Brackett.     * 
half  of  them  were  taken  expressly  for  this  publication.     Prof.  I 
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George,  of  the  University  of  Colorado,  has  been  consulted  on  various 
questions;  at  the  request  of  the  writer  he  has  studied  several  points 
in  the  field,  and  his  conclusions  have  been  received  with  much  confi- 
dence. He  has  read  the  entire  manuscript  and  his  suggestions  have 
been  most  helpful.  The  manuscript  was  subsequently  submitted  to 
Mr.  George  H.  Eldridge,  a  student  of  oil  fields,  and  one  of  the  authors 
of  the  monograph  on  the  Denver  basin,  who  is  familiar  with  much 
of  the  area  and  many  of  the  features  here  described.  Mr.  Eldridge's 
criticisms  were  found  especially  pertinent,  and  on  his  suggestion  cer- 
tain changes  were  made. 

PHYHIOGRAPIIY. 

The  area  may  be  divided  into  three  north-south  strips.  A  narrow 
margin  on  the  west  belongs  to  the  rough  and  dissected  granite  plateau, 
commonly  considered  a  part  of  the  Front  Range  of  the  Rocky  Moun- 
tains. East  of  this  is  the  narrow  foothill  belt,  in  which  a  descent  of 
more  than  1,000  feet  is  made  to  the  plains,  which  form  the  eastern 
two-thirds  of  the  area. 

TOPOGRAPHY  OF  THE  AREA  OF  CRYSTALLINE  ROCKS. 

In  a  broad  sense  the  name  Front  Range  includes  all  of  the  Archean. 
strip  wast  of  the  Great  Plains  and  the  foothill  belt.  If  this  part 
of  the  range  is  looked  at  in  more  detail,  there  is  seen  near  the  middle 
of  the  strip  a  definite  north-south  ridge,  having  its  crest  about  18 
miles  west  of  the  upturned  strata  of  the  foothills.  West  of  Boulder 
this  ridge  reaches  an  elevation  of  from  12,000  to  14,000  feet,  and 
has  an  average  slope  of  from  500  to  1,000  feet  in  a  mile.  At  approxi- 
mately the  9,000-foot  contour  the  slope  changes.  On  the  west  is  a 
relatively  abrupt  ridge,  and  on  the  east  a  much  dissected  plateau 
reaching  to  the  foothills.     (See  PL  III,  5,  opposite  p.  12.) 

The  belt  between  the  restricted  mountain  ridge  on  the  west  and  the 
foothills  on  the  east  is  10  to  12  milas  wide.  Its  generalized  eastward 
slope  is  about  250  feet  per  mile,  or  from  one-fourth  to  one-half  that 
of  the  range  proper.  This  strip  is  cut  by  narrow  valleys  to  a  depth 
of  over  1,000  ft^t.  The  interstream  areas  are  generally  steep  and 
narrow  hills  without  flat  tops,  though  some  ridges  continue  for 
several  miles  with  approximately  level  and  unbroken  crasts.  From 
any  high  point  almost  all  the  summits  appear  to  be  in  the  same  plane. 
The  range  proper  on  the  west  and  isolated  lumps  on  the  plateau  rise 
with  conspicuous  abruptness,  Sugarloaf  Mountain,  the  top  of  which 
is  1,000  feet  above  the  general  level,  being  a  prominent  example. 
The  topography  at  once  suggests  an  imperfectly  base-leveled  sur- 
face that  has  been  deeply  cut  by  streams  whose  erosive  power  has 
been  increased  by  recent  elevation. 
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FOOTHILLS. 
MONOCLINAL   BIDGES. 

East  of  the  granite  are  the  red  sandstones  of  the  Fountain  and 

Lyons  formations,  which  have  an 
average  dip  of  more  than  50^  and 
form  a  ridge  rising  1,000  feet  above 
the  plains.  The  sandstones  have 
apparently  resisted  weathering  bet- 
ter than  the  crystalline  rock,  as 
streams  from  the  west  w^hich  have 
cut  only  narrow  canyons  through 
the  sandstone  ridge  generally  re- 
ceive tributaries  that  flow  in  north- 
south  Valleys  in  the  granite  just 
west  of  the  contact.  At  places  (as 
at  South  Boulder  Peak)  the  ridge 
rises  to  several  times  its  average 
height,  and  towers  high  above  the 
plateau  to  the  west. 

To  these  red  sandstones,  from 
500  to  1,500  feet  thick,  is  due  a 
large  part  of  the  splendid  scenery 
of  this  exceptionally  fine  stretch  of 
foothills.  At  some  places  the  ridge 
has  an  even  crest  and  resembles  a 
wall,  while  at  other  places  its  crags 
run  upward  in  a  long  line  of  spires. 
(See  PI.  Ill,  .1.)  The  bare  red 
front  of  a  single  crag  has  some- 
times an  area  of  several  acres.  The 
outcrop  here  described  may  have 
one,  two,  or  even  three  distinct 
crests.  They  are  the  vreisterly  mem- 
bers of  a  series  of  monociinal  ridges 
known  as  "  the  foclhills."  Alter- 
nations of  strong  and  weak  strata, 
upturned  at  steep  angles,  offer  the 
necessary  conditions  for  the  carv- 
ing of  these  ridges  and  valleys. 

The  ridge-making  outcrops, taken 
in  order  from  west  to  east,  are  com- 
posed of  the  Fountain,  the  Dakota, 
and  the  Niobrara  formations,  the 
last  named  appearing  as  a  j)romi- 
nent  ridge  only  in  the  northern  part  of  the  area.     The  order  of 
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A.     MESAS  AND   FOOTHILLS  SOUTH  OF  BOULDER. 


B.     VIEW   WESTWARD   FROM  GREEN   MOUNTAIN. 
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size  is  the  same  as  that  here  given,  the  height  decreasing  from  west  to 
east. 

The  Dakota  "  hogback  "  is  second  in  prominence  to  the  Fountain 
crags.  It  is  absent  between  Sunshine  and  Pole«  canyons,  but  else- 
where it  rises  steeply  to  heights  of  from  100  to  500  feet.  The  light- 
gray  color  of  its  sandstones  i§  frequently  in  strong  contrast  with  the 
red  of  the  rocks  farther  west.  Its  crest  is  commonly  covered  with 
pines. 

LONGITUDINAL   VALLEYS. 

Between  the  red -rock  ridge  and  the  Dakota  the  weaker  rocks  of 
the  Lykins  and  Morrison  have  been  cut  out  in  a  valley  from  one- 
fourth  to  one-half  mile  wide.  (See  fig.  1;  also  PL  IV,  A,)  The 
brilliant  color  of  the  former,  especially  north  of  Boulder,  has  given 
an  almost  blood-red  hue  to  the  soils  of  the  valley.  A  similar  valley, 
though  lacking  the  color,  marks  the  outcrop  of  the  Benton,  where  the 
Niobrara  ridge  is  present.  AMiere  the  latter  forms  no  ridge,  the  Ben- 
ton occupies  a  long  slope  from  the  Dakota  hogback  to  the  mesas. 
This  slope  is  characteristically  marked  by  landslides.  At  frequent 
intervals  may  be  seen  the  typical  hummocky  topography  due  to  this 
agency. 

MESAS. 

East  of  the  last  foothill  ridges'  the  slope  to  the  plains  may  be  con- 
tinuous or  may  be  broken  by  a  sharp  step,  leaving  a  high  terrace 
adjacent  to  the  foothills.  This  terrace  is  called  a  mesa,  or  locally 
•'  the  mesa  "  (PI.  Ill,  .4).  It  occurs  in  fragments  of  unequal  height 
abutting  against  the  most  easterly  foothill  ridge  or  separated  from 
it  by  a  trough  due  to  recent  erosion.  (Compare  PI.  V,  A,  p.  80.) 
These  fragments  are  commonly  separated  from  one  another  by 
ravines.  The^^e  mesas  have  a  height  of  from  100  to  300  feet  alK)ve 
the  lower  plains,  and  a  west-east  width  in  this  vicinity  varying  from 
a  fraction  of  a  mile  to  3  miles. 

SLOPE   AND   HEIGHT. 

The  eastward  slope  of  the  terraces  may  be  as  great  as  10°  on  the 
foothill  side,  but  it  diminishes  rapidly  toward  the  plains.  At  1 
mile  east  from  the  foothills  a  slope  of  3°  to  4"^  is  common,  and  at 
3  miles  the  slope  is  about  1°.  An  east-west  cross  section  shows  an 
even  curve,  like  the  profile  of  a  stream.     In  addition  to  the  east- 

"  This  smaU  gor^e  in  the  outer  foothills,  2  miles  south  of  Boulder  Creek,  is  locally 
known  as  Skunk  Canyon.  It  appears  on  the  maps  of  the  Denver  basin  as  I'ole  Cat  Can- 
yon. For  convenience  the  abbreviated  form  is  here  used.  The  small  stream  issuing  from 
It  Is  rarely  spoken  of  by  any  name. 
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ward  slope  there  is  generally  a  distinct  northward  or  southward 
inclination  toward  a  lower  b?nch  quite  similar  to  the  higher,  but 
separated  from  it  by  a  steep  bluff,  or  more  commonly  by  a  ravine. 
In  a  general  way  the  highest  mesas  are  farthest  from  the  larger 
streams,  and  the  height  diminishes  as  these  streams  are  approached. 

STRUCTURE    AND    COVERING. 

These  mesas  are  essentially  rock  benches  covered  10  or  20  feet 
deep  with  unassorted  rock  waste.  The  rocks,  chiefly  Pierre  shales, 
are  steeply  upturned,  being  affected  by  the  mountain  uplift.  They 
have  been  smoothly  planed  off,  not  to  a  flat  but  to  an  inclined  sur- 
face. The  debris  covering  may  have  a  fairly  uniform  thickness  of 
20  feet  on  the  highest  l>enches.  Generally  Speaking,  the  thickness 
is  less  in  proportion  as  the  mesa  surface  is  lower.  This  ihoroughly 
unassorted  debris  comprises  fragments  of  all  sizes  from  sand  grains 
to  bowlders  more  than  10  feet  in  diameter.  The  heaviest  bowlders 
are  close  to  the  foothills,  but  fragments  a  foot  or  more  in  diameter 
are  found  some  miles  to  the  east.  On  the  highest  mesas  these  frag- 
ments are  almost  exclusively  from  the  red  rock.  The  lower  benches 
contain  varying  proportions  of  crystalline  rock  mixed  with  the 
debris  of  red  sandstone.  The  bowlders  of  the  present  flood  plains 
are  almost  exclusively  from  the  crystalline  rocks. 

ORIGIN. 

Some  similar  mesas  farther  south  have  been  described  as  river 
terraces;  others  have  l)een  ascribed  to  the  cutting  of  lake  shores." 
It  is  l3elieved  that  the  mesas  in  the  area  here  described  are  remnants 
of  stream  terraces,^  and  that  the  luiderlying  rocks  were  planed  off 
by  the  streams  that  deposited  the  unas.sorted  debris,  just  as  the 
present  streams  are  eroding  the  shales  and  depositing  unassorted 
material  on  the  new  surfaces — that  is,  on  the  pre:-ient  flood  plains. 
This  conclusion  is  based  on  the  following  facts:  (1)  The  resemblance 
of  the  eastward  slope  of  the  mesas  to  the  stream  profile;  (2)  the 
northward  or  southward  inclination  of  the  mesa  tops;  (3)  the 
variations  in  the  heights  of  the  mesas,  the  lower  in  general  being 
nearer  the  larger  streams;  (4)  the  general  resemblance  of  the  es- 
carpments to  old  river  bluffs,  the  higher  and  lower  mesas  having  the 
same  relationship  as  higher  and  lower  terraces,  except  that  the  mesa 
remnants  are  often  widely  separated   by  erosion.     It  is  not  to  bz 

"  Rmraons,  S.  F.,  Geology  of  the  Denver  bnsin  :  Mon.  V.  S.  Geol.  Survey,  vol.  27. 
1896,  p.  9. 

*  Compare  I.,ee,  W.  T.,  The  origin  of  the  d^brls-covered  mesas  of  Boulder,  Colo.  : 
Jour.  Geol.,  vol.  8,  p.  504. 
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A      LONGITUDINAL  VALLEY  IN  THE  FOOTHILLS  NORTH  OF  BOULDER. 


B.     HAYSTACK   MOUNTAIN. 
View  southward  from  Table  Mesa. 
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understood  that  all  the  mesas  are  the  terraces  of  existing  streams. 
The  general  decrease  in  height  as  the  larger  streams  are  approached 
might  suggest  such  a  relation,  but  this  conclusion  is  not  intended. 
In  the  discussion  of  drainage  the  location  of  several  former  streams 
concerned  in  mesa  making  is  indicated. 

The  hypothesis  that  these  mesas  are  stream  terraces  is  strengthened 
by  the  objections  to  the  hypothesis  that  they  are  lake  terraces.  On 
the  latter  assumption,  there  existed  over  the  adjacent  parts  of  the 
Great  Plains  a  water  body  of  large  but  unknown  dimensions.  The 
western  shore  of  this  lake  lay,  at  fii*st,  a  few  miles  east  of  the  present 
foothill  belt.  The  rocks  of  this  shore  were  the  upturned  shales  and 
soft  sandstones  of  the  higher  Cretaceous  series;  the  original  offshore 
slope  was  relatively  abrupt.  Cliff  cutting  then  caused  the  shore  to 
recede  to  the  present  foothill  belt.  There  was  left  a  broad  wave-cut 
terrace,  of  which  the  present  mesas  are  remnants,  and  this  marginal 
terrace  was  covered  with  the  sheet  of  debris  which  now  appears  as 
the  mesa  covering.  The  facts  not  readily  accounted  for  on  this 
hypothesis  are  the  following:  (1)  The  absolutely  unassorted  nature 
and  the  frequent  angularity  of  the  debris;  (2)  the  entire  absence  of 
the  outer  detrital  or  built  portion  of  what  must  in  all  probability 
have  been  a  cut-and-built  terrace;  (3)  the  difference  in  the  height 
of  terrace  remnants  abutting  against  the  foothills;  (4)  the  lateral 
(north  or  south)  slope  of  the  mesas;  (5)  the  dominance  of  red-rock 
fragments  on  the  higher  mesas  and  of  crystalline  rock  on  the  lower 
terraces,  and  (6)  the  lack  of  well-attested  lacustrine  deposits  over 
the  adjacent  plains.** 

In  regard  to  (1)  the  fact  that  the  debris  is  angular  and  is  not 
assorted,  it  may  be  stated  that  detritus  on  marginal  lake  terracej?  is 
always  assorted,  while  the  thoroughly  heterogeneous  nature  of  the 
mesa  gravels  agrees  to  a  nicety  with  that  of  the  deposits  of  many 
overloaded  streams  in  arid  regions  where  the  small  streams  are 
subject  to  quick  alternations  of  flood  and  drought.  With  reference 
to  (2)  the  abs(»nce  of  the  built  portion  of  a  cut-and-built  terrace,  it 
may  be  noted  that  the  mesas  abut  against  the  mountain  front  in  a 
kind  of  embayment,  and  that  a  wave-cut  terrace  in  such  a  situation 
might  be  expected  to  show  a  lakeward  extension  of  detrital  material. 
The  absence  of  such  materials  is  not  believed  to  be  adequately 
accounted  for  by  subsequent  erosion.  In  fact,  a  mesa  composed 
entirely  of  such  loose  and  porous  materials  as  the  present  surface 
deposit  w^ould,  in  such  a  climate  as  this,  be  extremely  unfavorable  to 
the  development  of  surface  streams  on  account  of  the  ready  percola- 

'  Compare  Johnson,  W.  D.,  The  High  IMains  and  their  utilization  :  Twenty-first  Ann. 
Rept.  U.  S.  Geol.  Survey,  pt.  4,  1901,  p.  653. 
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tion  of  surface  waters,  and  would  therefore  endure  longer  than  a 
terrace  of  shales  thinly  covered  by  gravels.  The  significance  of  (5) 
the  dominance  of  red-rock  fragments  on  the  higher  mesas  and  of 
crystalline  rock  on  the  lower  terraces  is  probably  due  to  the  fact 
that  the  streams  were  cutting  through  red  rock  when  they  were  at  the 
level  of  the  highest  mesas,  but  as  they  eracK'd  deeper  channels  and 
flowed  at  lower  levels  they  cut  into  and  carried  cry;>talline  rocks. 
This  is  further  discussed  under  the  heading  "  Former  westward 
extension  of  strata."  The  other  objections  enumerated  above  require 
no  discussion. 

Wherever  the  Hygiene  sandstone  is  found  it  has  been  planed  down 
to  the  level  of  the  higher  terraces.  ITpon  their  surfaces  it  does  not 
appear,  its  edge  being  covered  by  the  me.sa  gravels.  North  of  Four- 
mile  Canyon,  however,  wherever  the  higher  terraces  have  been  eroded 
away  the  Hygiene  sandstone  forms  a  bold  ridge  whose  even  crest 
has  the  same  height  as  one  of  the  widest  terraces.  When  the  sand- 
stone was  planed  off  to  its  present  height  this  terrace  was  continuous 
across  the  present  lowlands. 

FORMER    WESTWARD    EXTENSION    OF    STRATA. 

AATiatever  streams  may  have  built  up  any  terrace,  it  is  manifest 
that  the  oldest  mesas  are  the  highest  and  that  the  age  decreases  with 
diminishing  height.  Furthermore,  the  proportion  of  fragments  of 
red  rock  to  those  of  crystalline  rock  decreases  as  the  terraces  become 
lower  or  as  the  present  flood  plains  are  approached.  From  these 
facts  it  is  fair  to  infer  that  when  the  streams  were  running  at  the 
level  of  the  highest  mesas  they  were  cutting  through  red  rock  for 
some  distance  west  of  the  present  foothill  belt.  As  a  result  of  the 
headward  elongation  of  the  valleys  and  of  down  cutting  through  the 
stratified  rocks  to  the  granite,  the  streams  carried  increasing  propor- 
tions of  crystalline  rock,  until  at  present,  the  red  rock  forms  a  very 
small  part  of  the  load  and  hence  of  the  flood-plain  debris.  As  there 
are  no  outliers  of  the  red  rock  on  the  crystalline  area  to  the  west,  it  is 
impossible  to  make  any  but  the  roughest  estimate  of  the  width  of  the 
belt  from  which  the  stratified  rocks  have  been  denuded. 

DRAINAGE. 

The  district  is  drained  by  eastward-flowing  streams,  which  are 
consequent  upon  the  tilted  surface,  and  is  crossed  by  the  two  largest 
creeks — Ix'fthand  and  Boulder.  South  Boulder  Creek,  of  about  the 
same  size,  unites  with  Boulder  Creek  within  the  area.     Most  of  the 
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I  intermediate  smaller  streams  coming  from  the  foothills  join  these 

larger  creeks  within  the  area  mapped. 

ADJUSTMENT   TO   STRUCTURE. 

1  In  the  almost  uniformly  strong  crystalline  rocks  to  the  west  all 

the  streams  are  cutting  gorges.  There  is  no  progressive  adjustment 
except  that  which  comes  from  the  more  rapid  widening  of  the  larger 
valleys  at  the  expense  of  the  smaller.  In  the  almost  uniformly  weak 
rocks  of  the  plains  all  the  streams  have  flood  plains,  though  meander- 
ing is  but  little  developed.  Here  also  progressive  adjustment  to 
structure  is  not  prominent. 

Within  the  foothill  belt  the  streams  from  the  mountains  cross 
alternately  strong  and  weak  strata.  Here  tributaries  are  developed 
in  the  longitudinal  valleys,  and  at  some  places  adjustment  has  resulted 
in  stream  capture.  Across  the  outcrop  of  the  Dakota  and  the  Foun- 
tain the  streams  flow  in  steep  gorges  and  corrade  their  channels  with 
difficulty,  while  their  tributaries  in  the  longitudinal  valleys  erode 
the  softer  strata  with  ease.  As  a  result,  stream  capture  has  taken 
place,  and  in  the  Fountain  and  Dakota  ridges  the  abandoned  chan- 
nels now  appear  as  small  notches  analogous  to  the  wind  gaps  of  the 
Appalachians. 

EXAMPLES    OF    STREAM    CAPTURE. 

In  the  Dakota  hogback  a  notch  representing  a  former  stream  chan- 
nel appears  just  north  of  Bear  Canyon.  The  stream  flowing*  south 
of  east  from  Green  Mountain,  and  now  tributary  to  the  stream  in 
Pole  Canyon,  lies  in  a  direct  line  with  this  notch,  and  doubt- 
less once  crossed  the  Dakota  at  this  place.  At  the  same  time 
a  stream  one-third  of  a  mile  farther  north  crossed  the  Dakota 
where  the  ridge  was  not  only  much  lower  and  narrower,  but  was 
broken  by  the  Pole  Canyon  transverse  fault.  In  this  gap  the  north- 
em  stream  lowered  its  channel  rapidly  and  a  vigorous  tributary 
from  the  south  developed  on  the  weak  beds  west  of  the  Dakota 
ridge.  The  development  of  this  tributary  gorge  was  further  favored 
by  the  eastward  slipping  of  the  Dakota  ledges.  (See  p.  48.)  The 
tributary  gorge  elongated  headward  until  it  captured  the  headwaters 
of  the  southern  stream  and  caused  its  lower  course  to  be  abandoned. 
After  this  capture  and  sudden  acquisition  of  mote  water  the  valley 
west  of  the  Dakota  ridge  was  rapidly  cut  down,  and  as  the  support 
of  the  steep  slope  on  the  west  side  of  the  hogback  was  removed  land- 
slipping  occurred.     (See  p.  51.)     A  similar  notch  cuts  the  Dakota 
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hogback  2  miles  farther  south  and  a  large  one  occurs  north  of  Four- 
mile  Gulch.  AVast  of  the  place  where  Twomile  Gulch  breaks  through 
the  Dakota  the  ridge  of  red  rock  is  indented  by  a  notch  whose  his- 
tory is  similar  to  that  of  the  notch  near  Bear  Canyon. 

The  largest  stream  affected  by  capture  is  Lefthand  Creek,  which 
approaches  the  foothills  from  the  west  in  sec.  26,  6  miles  north  of 
Boulder.  AVlien  this  creek  reaches  the  middle  of  the  belt  of  red  rock 
it  turns  at  right  angles  and  flows  north  for  1 J  miles ;  it  again  turns  east 
at  Altona,  crosses  the  remaining  foothill  outcrops,  and  emerges  upon 
the  plains.  Almost  directly  east  of  its  last  bend  to  the  north  is  a 
sag  of  more  than  100  feet  in  the  Dakota  ridge  to  the  east.  The  drain- 
age channel  leading  east  from  this  sag,  though  occupied  by  a  very 
small  stream,  pursues  an  independent  course  for  many  miles.  It  is 
locally  known  as  Dry  Creek,  a  name  applied  also  to  another  small 
stream  5  miles  farther  south.  Along  the  northern  Dry  Creek  are 
evidences  of  a  former  larger  stream — ^the  lower  course  of  Lefthand 
Creek — which  once  crossed  the  foothills  in  a  direct  easterly  course. 
Another  stream  (the  present  Lefthand  Creek)  that  crossed  the  foot- 
hills at  Altona  had  a  course  more  favorable  to  down  cutting  and  was 
able  to  develop  a  tributary  on  its  south  side,  whose  headwaters  worked 
far  enough  south  to  tap  the  former  Lefthand  Creek.  The  old  valley 
for  a  short  distance  east  of  the  "  elbow  of  capture  "  is  now  occupied 
by  a  small  westward-flowing  stream  which  joins  Lefthand  Creek 
where  it  turns  to  the  north. 

This  recent  shifting  of  the  position  of  Lefthand  Creek  explains 
the  otherwise  anomalous  circumstance  that  Haystack  Mountain  (PI. 
IV,  5) ,  the  highest  mesa  remnant  in  the  region,  lies  close  to  one  of  the 
largest  streams,  which,  as  already  pointed  out  (p.  14),  are  near  the 
lowest  mesas.  The  anomalous  position  of  Haystack  Mountain  is 
due  to  the  fact  that  previous  to  the  capture  described  this  mesa  was 
well  removed  from  lines  of  active  erosion. 

The  terraces  to  the  east  offer  further  interesting  evidence  concern- 
ing the  former  character  of  the  streams.  These  terraces  are  plana- 
tion  surfaces  due  to  meandering  and  are  not  base-levels.  Some  of 
them  are  miles  in  width,  indicating  that  the  streams  which  made 
them  must  either  have  worked  a  very  long  time  at  the  same  level  or 
have  l)een  of  considerable  size.  Knowledge  of  either  one  of  these 
conditions,  therefore,  sheds  light  upon  the  other. 

As  an  illustration  of  the  above,  much  of  the  surface  between  Table 
Mesa  and  the  high  mesa  4  miles  north  of  Boulder  Creek,  a  stretch 
of  3  miles,  is  at  one  level,  about  150  feet  below  Table  Mesa.  The 
bottoms  of  the  present  valleys  are  from  50  to  75  feet  below  this  lower 
terrace.    Where  this  terrace  has  been  eroded  away  by  the  present 
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streams  the  strong  Hygiene  sandstone  stands  out  as  an  even-topped 
ridge,  rising  to  the  exact  height  of  this  lower  terrace,  ^^^lere  the 
lower  terrace  has  not  been  eroded  the  Hygiene  sandstone  does  not 
appear,  having  been  planed  off  by  meandering  streams  and  covered 
with  the  coarse  gravel  that  mantles  the  mesas  and  terraces.  Small 
streams  now  cross  the  Hygiene  sandstone  in  narrow  gorges.  All 
flood  plains  and  low  terraces  of  present  streams  are  narrow  in  com- 
parison with  the  broad  surface  of  planation,  which  has  the  same 
height  as  the  top  of  the  sandstone  ridge.  If  the  present  small 
streams  planed  off  the  broad  surface  150  feet  below  that  of  Table 
Mesa,  they  must  have  worked  longer  at  one  level  than  would  be 
consistent  with  the  present  rate  of  down  cutting. 

On  the  other  hand,  it  is  noteworthy  that  this  broad  planation 
surface  lies  along  the  course  followed  by  Lefthand  Creek  before  the 
stream  had  been  shifted  northward  by  the  capture  described  above. 
This  stream  was  approximately  as  large  as  Boulder  Creek,  and  its 
planation  surface  is  as  broad  as  that  of  the  latter.  The. supposition 
that  the  present  small  streams  meandered  at  one  level  long  enough 
to  make  such  a  broad  planation  surface  would  involve  conditions  of 
level  or  of  climate  which  are  not  supported  by  the  other  evidence. 

NATURAL  LAKE  BASINS. 

Scattered  over  the  plains  is  a  considerable  number  of  ponds,  some 
of  which  have  an  area  of  100  or  200  acres.  All  of  these  are  used 
for  storage  of  irrigation  waters,  and  have  had  their  capacities 
materially  enlarged  by  dams.  Some  are  due  entirely  to  the  damming 
of  valleys  or  ''  draws,"  but  others  are  natural  basins.  Marshall  Lake 
and  Boulder  (Weisenhorns)  Lake  are  good  examples  of  the  latter 
type.  These  natural  basins  are  not  confined  to  the  surficial  sheet 
of  rough  gravel,  but  are  often  deep  in  the  shales.  They  originated 
later  than  the  mesas  or  terraces  which  surround  them.  Some  of  the 
small  ones  might  have  originated  by  small  landslips  or  creep,  result- 
ing in  the  damming  of  small  valleys,  but  most  of  them  can  not  be  thus 
explained.  Boulder  Lake  has  a  nearly  flat  bottom  at  a  depth  of 
approximately  20  feet.  The  fraction  of  this  depth  due  to  damming, 
either  natural  or  artificial,  is  insignificant. 
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STRATIGRAPHY. 

The  classification  and  nomenclature  of  formations  used  by  Emmons 
and  Eld^dge  for  the  Denver  basin  «  is  in  the  main  followed  in  this 
paper.     For  the  area  here  concerned  the  succession  is  as  follows : 

Quaternary Alluvium  and  terrace  gravels. 

Laramie. 

Fox  Hills. 

Pierre. 
•« 

Niobrara. 

Benton. 
Dakota. 
Jurassic , .  ...  Morrison. 

iLykins. 
Lyons. 
Fountain. 

Algonkian Quartzite  of  South  Boulder  Canyon. 

Archean Granites,  etc. 

ARCHEAN    SYSTEM. 

The  sedimentary  rocks  of  this  district  rest  upon  a  basement  of 
granite,  granite-porphyry,  and  granite-gneiss,  w^hich  are  at  some 
places  gray,  but  more  commonly  range  from  flesh  color  to  red.  This 
basement  is  cut  by  frequent  dikes;  several  prominent  ones  have  a 
north-northwest  direction,  others  trend  south  of  east.  These  dikes 
are  commonly  composed  of  pegmatite,  but  there  are  also  several  of  a 
light-greenish  felsitic  porphyry,  similar  to  those  w^hich  intrude  the 
sedimentaries  of  the  foothills. 

The  contact  of  this  Archean  foundation  w^th  the  overlying  sedi- 
mentaries is  not  a  plane,  but,  in  this  district  at  least,  the  undula- 


•  Mon.  U.  S.  (Jeol.  Survey,  vol.  27.  189(5. 

*The  writer  Is  indebted  to  Mr.  George  H.  KIdrldge,  one  of  the  authors  of  the  mono- 
graph on  the  Denver  l)asln,  for  the  following  note  on  the  group  heretofore  called  Wyoming 
and  tentatively  regarded  as  Triassic : 

"  Mr.  N.  H.  Darton,  of  the  United  States  (Jeologlcal  Survey,  has  had,  since  the  publlca- 
llon  of  the  Denver  monograph,  especial  opportunity  to  study  the  sedimentary  formations 
from  the  Black  Hills  In  South  Dakota  to  the  southern  portion  of  the  frontal  ranges  of  the 
Rocky  Mountains  In  New  Mexico,  and  Is  of  the  opinion,  from  evidence  accumulated  by 
him,  that  the  "  Ked  Beds"  [Fountain]  and  their  overlying  '•("reamy  Sandstone"  [Lyons], 
designated  the  Lower  Wyoming  in  Monograph  27  of  the  United  States  Geological  Survey, 
are  l*ennsylvanlan  In  age.  and  that  the  series  known  as  I'pper  Wyoming  [Lyklns]  in  that 
monograph  is  possibly  Permian  In  the  lower  part  and  Triassic  In  the  upper. 

'•  The  evidence  leading  to  such  an  Inference  consists  of  the  presence  In  the  Red  Beds,  at 
one  or  more  localities,  of  limestones  containing  Pennsylvanlan  fossils  and  of  the  pres- 
ence of  Termlan  fossils  In  the  Black  Hills  In  what  he  there  correlates  with  the  lower 
portion  of  the  Upper  Wyoming,  In  the  Denver  foothill  region — that  Is,  with  the  portion 
here  consisting  of  the  pink  shales,  fine  sandstones,  and  curly  limestones.  The  higher 
members  of  the  Upper  Wyoming  may  still  be  considered  Triassic  in  the  absence  of  evidence 
to  the  contrary." 
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lions  are  very  broad  and  gentle.  The  question  whether  this  surface 
is  due  to  subaerial  or  to  marine  denudation  is  discussed  under  the 
heading  "  Geologic  history  "  (pp.  54-57). 

SEDIMENTARY  ROCKS. 

ALGONKIAX    SYSTEM. 

QXIARTZITE  OF   SOUTH    BOULDEB   CANYON. 

The  oldest  and  lowest  sedimentary  rook  is  a  quartzite  which 
appears  only  at  the  extreme  southern  end  of  the  area,  in  South 
Boulder  Canyon.  It  is  regarded  as  of  pre-Cambrian  age."  It  is 
for  the  most  part  white,  or  stained  pink  with  iron  oxide;  of  medium 
texture,  except  at  what  seems  to  be  the  base,  where  it  is  a  pebble 
conglomerate.  One  mile  south  of  the  southw^est  corner  of  the  area 
mapped  the  beds  are  almost  vertical  and  are  cut  across  by  the  newly 
constructed  grade  of  the  Denver  and  Northwestern  Railroad.  The 
stratum  is  here  550  feet  thick. 

This  formation  does  not  rest  upon  the  Archean  surface  at  the  same 
angle  as  the  remaining  strata.  From  a  point  at  the  base  of  the 
Fountain  sandstone,  which  in  general  rests  upon  the  granite,  the 
quartzite  strikes  southwest,  then  for  a  space  nearly  west,  and  then 
S.  27°  W.  to  far  beyond  the  limits  of  the  area  mapped.  It 
dips  throughout  to  the  southeast  at  angles  ranging  from  60°  to  90°. 
Both  north  and  south  of  it  the  same  granite  complex  underlies  the 
Fountain.  In  its  relations  to  the  higher  stratified  rocks  the  quartzite 
is  only  a  part  of  the  complex,  on  whose  nearly  plane  surface  the 
P'ountain  is  laid  down. 

The  structural  relation  of  this  single,  steeply  upturned  stratum, 
outcropping  in  a  narrow  l)elt  for  many  miles  between  inclosing 
granites,  is  not  clear  from  observations  made  within  this  area.  So 
small  a  part  of  its  entire  outcrop  is  included  in  this  area  that  the 
attempt  to  decide  its  structural  relations  will  not  be  made  here. 
Marvine,  in  his  description  of  the  Front  Range,^  regards  the  granite 
as  a  mass  of  metamorphosed  sedimentaries.  According  to  this  sup- 
position, the  quartzite  is  merely  one  of  many  metamorphosed  strata, 
this  one  showing  plainly  its  sandstone  origin,  while  its  neighbors 
have  become  entirely  structureless.  Van  Ilise,  \vho  has  studied 
the  contacts  in  South  Boulder  Canyon,  believes  that  the  phenomena 
of  contact  are  those  of  a  sedimentary  formation  laid  down  on  a 
granite    and    gneiss   floor.*^     He    also    thinks    it   probable    that   the 

•  Van  nise.  C-  R..  Correlation  papers,  Archean  and  Algonkian  :  Bull.  IT.  S.  Geol.  Survey 
No.  8«.  p.  325. 

►Seventh  Ann.  It^pt.  I'.  S.  Oeol.  and  Ueoa.  Surv.  Terr.,  pp.  83-192. 

'  Van  Ulse,  f.  U.,  Manuscript  notes  to  Ik?  used  In  a  revision  of  pre  (^imhrlan  rocks  of 
North  America  (Bull.  U.  S.  Oeol.  Survey  No.  86). 
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qiiartzite  has  been  folded  in,  and  that  the  structure  is  that  of  an 
is<5clinal  syncline. 

TRIASSIC     (?)     SYSTEM. 

The  rocks  in  this  region,  hitherto  regarded  as  of  Triassic  age  and 
called  ''  Wyoming,"  embrace  three  formations — the  Fountain,  the 
Lyons,  and  the  Lykins.  The  term  "  Red  Beds  "  is  popularly  used 
without  definite  limitations;  but  the  authors  of  the  monograph  on 
the  Denver  basin  have  conveniently  limited  the  use  of  this  term  to 
the  lowest  and  largest  member  of  the  series.  The  popular  use  of  the 
term  "  red  rock  "  is  similarly  restricted. 

The  "Subdivision  into  "  Lower  "  and  ''  Upper  "  Wyoming,  adopted 
for  the  Denver  basin,  would  also  be  appropriate  to  the  Boulder 
area.  The  lower  division,  however,  clearly  embraces  two  lithological 
units  which  it  is  desired  to  distinguish  in  this  report.  The  lower 
and  major  part  consists  chiefly  of  rather  coarse,  arkose  sandstones 
and  conglomerates  of  reddish  color,  while  the  upper  and  lesser 
part  is  a  finer-grained,  quartzose  sandstone  of  white,  "'  creamy," 
or  light-reddish  color.  The  coarse  red  sandstones  were  called  the 
Fountain  formation  by  Cross  in  the  Pikes  Peak  folio,  a  type  sec- 
tion being  crossed  by  Fountain  Creek,  near  Manitou.  The  summit 
of  the  Fountain  formation  is  not  exposed  in  the  Pikes  Peak  quad- 
rangle, but  Darton«  has  found  the  character  of  the  Fountain,  as 
descrilied  by  Cross,  to  contique  to  a  white  sandstone  corresponding 
with  the  "  creamy  sandstone  "  of  Eldridge,  occurring  in  the  Garden 
of  the  Gods,  to  which  the  name  Lyons  sandstone  is  here  given. 

FOUNTAIN    SANDSTONE. 

Lithologic  character, — In  general  the  Fountain  sandstone  is  a 
rough  arkose,  the  individual  feldspars  often  appearing  in  large  crys- 
tals. Locally  it  passes  on  the  one  hand  into  conglomerate  and  on 
the  other  into  quartzose  sandstone,  excellent  for  building  purposes, 
and  even  into  shale.  Micas  are  frequent,  especially  in  the  finer 
portions.*  The  conglomerate  phase  may  have  pebbles  of  granite 
and  schist  or  of  pure  quartz  only.  The  conglomerate  of  fragments 
of  crystalline  rocks  is  found  only  at  the  base,  and  there  not  univer- 
sally. At  places  it  is  a  beautiful  recomposed  granite,  which  at 
casual  glance  is  not  different  from  a  coarse,  reddish-brown  original 
granite.  Quartz-pebble  conglomerate  may  be  found  at  any  or  all 
horizons. 


«  Bull.  GpoI.  Soc.  Am.,  vol.  15,  p.  22. 

•»  I'lof.  H.  D.  (Jeorse,  of  the  Inlverslty  of  Colorado,  has  examined  many  specimens 
and  finds  that  In  Inrpe  part,  at  least,  this  mica  may  be  secondary  and  may  have  been 
derived  from  the  feldspar. 
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The  cement  of  the  mass  is  silica  with  an  admixture  of  iron  oxides; 
hence  the  quartzose  beds  weather  with  extreme  slowness.  Their 
fragments  survive  unchanged  in  the'  rubble  of  the  mesas,  where 
those  of  the  crystalline  rocks  can  be  crushed  in  the  hand. 

The  color  of  this  rock  in  its  coarser  phases  is  due  in  part  to  its 
pink  or  red  fragments  of  feldspar.  In  a  large  way  this  is  more 
true  of  the  lower  horizons  than  of  the  upper,  but  the  same  factor  is 
present  in  nearly  all  beds  to  a  greater  or  less  degree.  In  the  cement, 
between  the  grains,  crystals,  and  fragments,  however,  red  iron  oxide 
also  appears,  and  in  a  general  way  affects  the  coloring  in  proportion 
to  the  fineness  of  the  grain.  Where,  quartz  is  more  abundant  the 
rock  sometimes  has  a  lighter  color,  which  locally  in  loosely  aggre- 
gated maSvSes  may  even  approach  whiteness.  'WTiere  this  is  the  case 
it  is  composed  almost  entirely  of  large  angular  quartz  grains  that 
appear  to  have  been  assorted  out  of  disintegrated  granite,  with 
almost  no  rounding  by  wear. 

Occasional  mottling  in  freakish  forms  is  apparently  caused  by 
leaching  of  iron  oxide  by  percolating  waters.  AVliere  the  differences 
in  shade  are  attended  by  differences  in  texture,  the  darker  colors 
occur  in  the  denser  portions  where  the  water  circulation  has  been 
least.  In  so  far  as  the  differential  coloring  is  due  to  the  action  of 
percolating  waters,  doubtless  a  concentration  of  coloring  matter  in 
the  denser  portions  has  accompanied  its  leaching  from  the  coarser. 

Structure. — The  Fountain  sandstone  is  characterized  by  very  thick 
beds  throughout,  and  cross-bedding  may  be  found  at  any  horizon; 
at  places  there  is  a  beautiful  flow-and-plunge  structure.  It  is  very 
common  to  find  pebble  beds  a  few  inches  thick  alternating  with  the 
finer  sediments.  Shale  is  found  in  distinct  streaks  or  pockets.  The 
thickness  of  these  "  Red  Beds  "  is  500  to  GOO  feet  at  Boulder  Canyon, 
where  they  are  vertical,  and  increases  both  to  the  north  and  to  the 
south,  approximating  1,500  feet  at  Fourmile  Canyon,  where  they  dip 
eastward  at  an  angle  of  47°.     No  fossils  have  been  found. 

.LYONS    SANDSTONE. 

Character  and  coloring. — Above  these  massive  beds  and  more  or 
less  arkose  sandstones  are  other  beds  of  purely  quartzose  sandstone. 
This  upper  formation  is  best  developed  at  Lyons,  a  few  miles  north 
of  the  area  mapped.  It  is  quarried  there  in  large  amounts.  The 
formation  is  named  from  that  locality.  The  siliceous  cement  of  this 
sandstone  has  sufficient  iron  to  produce  shades  of  pink,  but  the  popu- 
lar name,  "creamy  sandstones,"  conveys  a  wrong  impression  as  to 
their  color.  While  these  beds  have  a  fairly  uniform  shade  they  are 
locally,  almost  white,  and  at  some  places  red.  AMiere  these  extremes 
occur,  as  at  Fourmile  Canyon,  leaching  and  concentration  of  the 
coloring  matter  have  often  produced  gaily  colored  rings  and  bands. 
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An  extreme  phase  of  this  feature  is  seen  in  the  small  red  nodules 
which  may  even  be  found  loose  in  their  sockets  in  certain  layers « 
and  which  may  involve  other  causes  in  addition  to  those  which  make 
simple  concretions.  Many  dendrite  figures  are  found,  some  of  mar- 
velous beauty.  They  are  sometimes  obtained  in  thin  flagstones, 
approximately  2  feet  square,  the  entire  side  of  such  a  slab  being 
occupied  by  one  symmetrical  fern-like  figure  of  exquisite  delicacy. 
No  fossils  are  found. 

Cross-bedding. — ^The  long  washing  and  complete  assortment  which 
these  sands  underwent  on  the  shore  of  the  early  sea  was  attended  by 
cross-bedding  of  unusual  dimensions  and  perfection.  The  angle  of 
cross-bedding  is  occasionally  as  great  as  35°.  At  nearly  all  of  the 
many  quarries  opened  in  this  stratum,  flags  or  blocks  are  taken  out 
along  cross-bedding  planes.  This  is  not  universally  true  outside 
the  area  represented  by  the  map.  At  some  of  the  Lyons  quarries  a 
part  of  the  stone  has  been  taken  out  along  the  true  bedding,  but  this 
is  not  the  rule.    . 

The  most  striking  feature  of  this  cross-bedding,  next  to  its  uni- 
versality and  perfection,  is  its  dip.  With  few  exceptions  this  is  at 
a  lower  angle  than  that  of  the  true  bedding.  If,  therefore,  the  strata 
were  again  horizontal  the  oblique  lamination  would  dip  toward  the 
mountains;  that  is  to  say,  toward  the  shore  that  existed  at  the  time 
the  beds  were  deposited.  The  significance  of  this  is  discussed  under 
the  heading  "  Geologic  history," 

This  cross-bedded  stratum  reaches  a  maximum  thickness  of  297 
feet  at  Fourmile  Canyon,  and  is  absent  just  south  of  Boulder  Creek. 
It  passes  by  gradations  into  the  Fountain,  or  "  Red  Beds,"  below. 

LYKINS   FORMATION. 

Character  and  thickness. — Lying  conformably  upon  the  rocks  just 
described,  which  are  prevailingly  sandstones  and  strong  ridge  makers, 
is  a  series  of  sandstones  and  sandy  shales,  with  a  little  limestone. 
This  series  is  the  Lykins.  The  name  is  taken  from  Lykins  Gulch, 
at  the  north  end  of  the  area  mapped,  the  scenery  along  which 
owes  its  strange  and  beautiful  character  to  this  formation.  It 
is  clearly  distinguished  from  the  lower  formations  by  its  softness 
and  by  its  showy  colors,  the  most  striking  of  which  is  a  rich 
brick  red  that  characterizes  its  sandy  shales  and  shaly  sands.  At 
places  the  color  is  more  brownish,  but  it  is  always  deep  and  rich, 
and  the  long  foothill  valley,  always  present  upon  these  soft  rocks 
(fig.  1,  p.  12;  also  PI.  IV,  A^  p.  14),  is  at  places  brilliantly  colored. 

The  entire  series  is  nowhere  shown  in  a  single  section  because  it 

«  Eldi'idKC  (Monoei'apb  XXVII,  p.  54)  limits  those  at  (ioldeo  to  a  horizon  about  20 
feet  below  the  summit. 
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is  easily  weathered  and  consequently  thickly  covered  by  waste.  At 
Fourmile  Canyon,  where  the  formation  is  somewhat  more  than 
800  feet  thick,  the  lowest  230  feet  are  largely,  if  not  wholly,  sand- 
stones of  a  clear  red,  a  little  darker  than  brick.  These  are  overlain 
by  the  "crinkled"  sandstone  (see  below),  which  is  here  35  feet 
thick.  Above  this  for  467  feet  there  are  no  exposures,  but  the  soil  is 
very  red,  and  exposures  not  far  distant  indicate  that  most  of  this 
thickness  is  occupied  by  red  arenaceous  shales.  Above  these  obscured 
beds  are  100  feet  more  of  the  familiar  red  sandstone.  Apparently 
any  horizon  of  this  formation  may  be  slightly  calcareous,  but  this  is 
not  general. 

The  section  is  essentially  the  same  wherever  seen,  but  the  thick- 
ness varies  greatly.  The  series  is  apparently  absent  just  north  of 
Gregory  Canyon.  If  present  at  all  it  must  have  a  thickness  of  only 
a  few  feet  and  is  concealed  beneath  the  sheet  of  waste  which  obscurjBS 
almost  all  the  strata  between  the  Fountain  and  the  Niobrara. 

As  indicated  above,  for  a  considerable  portion  of  the  column  the 
nature  of  the  rocks  is  for  the  most  part  concealed.  At  and  beyond 
the  north  end  of  the  area  mapf>ed  there  are  certain  slopes  on  which 
nearly  the  entire  formation  is  exposed.  Here  it  does  not  greatly 
exceed  300  feet,  and,  except  for  the  "  crinkled  "  sandstone,  the  whole 
exposure  is  of  argillaceous  sandstone,  brick  red  in  the  main,  but  more 
brownish  near  the  top.  To  this,  however,  must  be  added  at  the 
summit  about  20  feet  of  light-pink  or  dull-yellowish,  thin-l^eddeil 
sandstone,  slightly  calcareous.  This  forms  a  kind  of  transition  to 
the  well-marked  massive  gray  sandstone,  which  clearly  l)elongs  to 
the  Jurassic. 

Eldridge  has  described  the  Lykins  under  the  name  "  Upper  Wyo- 
ming "  at  localities  farther  south,  where  it  contains  "  clayey  strata  of 
bright  colors — gray,  yellow,  green,  pink,  and  lilac.""  Throughout 
much  of  this  area  there  are  some  hundreds  of  feet  out  of  the  total 
width  of  the  Lykins  belt  where  beds  of  such  colors  could  easily  be 
concealed.  However,  with  the  exceptions  already  noted,  it  is  doubt- 
ful if  anything  but  ocherous  reds  reach  the  north  end  of  the  area 
mapped. 

The  brownish-red  sandstone  at  or  near  the  top  of  the  series  (the 
dull-yellow,  thin-bedded  sandstone  noted  above  does  not  appear 
everywhere)  has  a  variable  thickness.  It  is  more  than  100  feet 
thick  at  Fourmile  Canyon.  While  primarily  a  massive  sandstone, 
its  exposed  ledges  weather  into  shingle-like  combs. 

^''Crinkled "  sandstone. — The  persistent  band  whidi  is  here  re- 
ferred to  as  the  "  crinkled  "  sandstone  is  one  of  the  noticeable  fea- 
tures of  the  series.     At  places  it  reveals  the  presence  of  the  Lykins 

•  Op.  cit.,  p.  56. 
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where  all  other  beds  are  covered  by  the  abundant  talus  of  the  red 
rock  and  Lyons  sandstone.  This  band,  nowhere  above  35  feet  thick, 
is  present  wherever  the  Lykins  is  found.  Its  superior  hardness 
causes  frequent  exposures  where  the  ocherous  sandstones  above  and 
below  it  are  buried  under  waste.  Such  a  line  of  exposures  is  every- 
where found  at  a  nearly  uniform  distance  east  of  the  Lyons  sand- 
stone outcrop.  It  is  in  the  main  a  sandstone  more  or  less  calcareous. 
Locally  it  has  a  bed  of  dense  limestone  at  its  base  and  sometimes 
other  limestone  beds  above.  Some  of  these  have  been  quarried  for 
lime.  It  is  of  a  light-pink  or  purplish  color,  clearly  and  minutely 
laminated.  These  laminae  are  almost  universally  deformed,  are 
closely  crumpled,  and  serve  to  make  prominent  the  effects  of  a 
north-south  stress  which  has  at  places  minutely  brecciated  the  rock- 
The  evidences  of  such  a  stress  are  all  but  lost  in  the  softer  massive 
rocks  which  are  conformable  with  this  layer  above  and  below, 

JURASSIC  SYSTEM. 
MORRISON    FORMATION. 

Limits. — At  the  top  of  the  brownish  sandstone  above  mentioned 
there  is  an  abrupt  change  to  light  colors,  or  at  most  there  may  be 
about  20  feet  of  beds  of  intermediate  character.  The  sudden  transi- 
tion is  readily  seen  at  many  places  and  is  the  convenient  indication 
of  the  division  between  the  Lykins  formation  and  the  Morrison,  as 
the  overlying  Jurassic  beds  are  called.  The  upper  limit  of  the  Mor- 
rison is  quite  as  clearly  marked  by  the  hard  sandstones  and  conglome- 
rates of  the  Dakota,  but  the  body  of  the  formation  shows  considerable 
variation  from  place  to  place.  Its  maximum  thickness  may  be  taken 
at  a  little  less  than  400  feet  (as  at  Bear  and  Fourmile' canyons). 

Generalized  section, — Sections  of  the  Morrison  at  various  places 
in  this  area  differ  greatly.  In  the  main,  however,  the  formation  con- 
tains a  large  proportion  of  light-colored  clays,  some  moderately 
indurated  and  others  of  flinty  hardness,  much  gray  sandstone,  often 
calcareous,  and  at  various  horizons  beds  of  highly  compact  limestone. 
A  very  much  generalized  section  would  present  the  beds  in  about  the 
following  order,  beginning  at  the  base:  Sandstone,  clays,  limestone, 
clays.  The  first  and  last  members  of  the  series  are  persistent,  but  the 
intervening  clays  and  limestone  may  show  two  or  three  alternations 
and  may  inclose  prominent  sandstonas. 

The  thickness  of  the  important  sandstone  at  the  base  is  nowhere  less 
than  10  feet,  sind  may  be  twice  that  amount.  This  bed  is  persistent 
and  massive,  and  yields  the  white  building  stone  commonly  known 
as  the  "  Doctor  Bond  sandstone."  It  is  slightly  calcareous,  as  are 
the  Morrison  sandstones  in  general.    In  Bear  Canyon  it  forms  the 
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western  one  of  two  strong  ridges.  This  sandstone  is  everywhere 
overlain  by  soft  beds  which  are  covered  by  waste. 

The  lowest  limevStone  is  at  places  within  15  feet  of  this  basal  sand- 
stone. At  South  Boulder  Canyon  there  are  40  feet  of  it  in  one 
stratum,  but  at  Bear  Canyon  it  is  separated  into  two  strata  by  a 
massive  sandstone.  Near  Altona  there  are  three  distinct  limestones, 
the  topmost  being  a  resistant  stratum  30  feet  thick  which  may  form 
the  crest  of  the  ridge  where  the  Dakota  ledge  is  locally  lower.  This 
is  the  case  for  a  considerable  stretch  between  Fourmile  and  Sixmile 
canyons.  These  limestones  are  exceedingly  compact,  and  turn  brown 
upon  the  slightest  weathering,  though  they  are  normally  a  dark 
bluish  gray.  As  the  beds  are  much  fractured  or  affected  with  incipi- 
ent fractures,  the  brown  color  is  so  general,  even  in  fragments  broken 
by  the  hammer,  that  the  normal  gray  may  easily  be  overlooked.  The 
sandstones  above  the  basal  bed  are  (1)  the  resistant  beds  between  the 
limestones  and  (2)  the  Saurian  sandstone  described  by  Eldridge  for 
the  Denver  basin.*» 

South  of  Boulder  the  intermediate  sandstone  beds  are  represented 
by  the  eastern  one  of  the  two  ridges  in  Bear  Canyon.  The  rock  of 
this  ridge  differs  little  from  the  basal  stratum.  North  of  Boulder 
these  beds,  whether  one  or  two,  have  a  characteristic  purplish  hue, 
an  irregular,  often  closely  laminated  bedding,  a  flow-and-plunge 
structure  at  places,  and  a  wavy  or  scaly  appearance  where  split 
along  bedding  planes.  Where  the  sandstone  shows  this  phase  it  may 
be  very  hard.  Occasionally  the  crest  line  of  the  bold  Dakota  hog- 
back jogs  to  the  west  and  follows  one  of  these  strong  ledges  of  the 
Morrison.    This  occurs  at  several  places  south  of  Altona. 

The  next  75  or  100  feet  are  everywhere  obscured  in  this  district. 
The  space  is  doubtless  occupied  by  the  "Atlantosaurus  clays" 
described  by  Eldridge,  but  their  character  can  only  be  inferred  from 
exposures  farther  south  beyond  this  field.  Above  these  softer  beds, 
which  do  not  outcrop,  are  limestones  generally  interbedded  with 
clays. 

The  horizon  above  the  zone  of  intermittent  limestones  is  marked 
by  a  rather  persistent  sandstone.  It  is  generally  calcareous  and 
stained  with  iron,  the  coloring  usually  taking  the  form  of  round 
dots,  in  general  about  the  size  of  shot.  When  so  marked  it  strongly 
resembles  certain  strata  of  the  Dakota,  but  is  distinguished  from 
the  latter  by  the  fact  that  it  effervesces  with  acid.  The  stain  is  not 
always  distributed  in  this  way,  but  may  give  an  irregular  rusty 
color  to  the  whole  rock.  This  is  the  "  Saurian  sandstone  "  described 
by  Eldridge,  but  no  animal  remains  have  been  found  in  this  field. 
Its  greatest  measured  thickness  here  is  less  than  15  feet. 

o  Eldridge,  G.  H.,  Geology  of  the  Denver  basin :  Mon.  U.  S.  Geol.  Survey,  vol.  27,  1890, 
p.  61. 
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The  remaining  rocks  at  the  top  of  the  Morrison  are  dense,  hard 
clays  and  argillaceous  sandstones.  They  are  green,  yellow,  and  pur- 
ple, and  occur  in  beds  that  are  from  a  few  inches  to  a  few  feet  thick. 
The  fine-grained  indurated  rocks  are  full  of  fractures  and  tend  to 
crumble  into  minute  angular  fragments.  Some  beds  are  calcareous. 
The  thickness  of  these  clays  is  about  30  feet  at  South  Boulder  Canyon 
and  nearly  three  times  that  amount  at  Fourmile.  They  are  well 
exposed  on  the  south  side  of  Bear  Canyon,  where  they  are  75  feet 
thick.  • 

CRETACEOrS   SYSTEM. 
DAKOTA   FORMATION. 

Above  the  Jurassic  comes  the  prominent  Dakota  formation,  easily 
recognized  and  well  known  in  the  great  hogback  which  parallels  the 
Front  Range  for  hundreds  of  miles.  It  is  a  firm  sandstone  that  is 
often  quartzitic,  is  generally  thick  bedded,  and  is  characterized  by 
frequent  cross-bedding  and  ripple  marks.  Its  more  resistant,  heavy 
beds  may  give  to  the  hogback  one,  tw^o,  or  even  three  constituent 
ridges  or  combs. 

Basal  congloTnerate. — At  is  base,  though  not  everywhere  present, 
is  a  pebble  conglomerate.  The  constituent  pebbles  include  "  abun- 
dant limestones,  quartzites,  clays,  flints,  jaspers,  and  rocks  of  gran- 
itic composition,  together  with  the  separate  mineral  constituents 
of  the  last.""**  The  whole  is  so  firmly  cemented  that,  where  un- 
weathered,  the  rock  fractures  in  broad  planes  which  pass  throu^ 
the  pebbles.  Frequently  a  series  of  thin  pebble  beds  in  a  mass  of 
sandstone  takes  the  place  of  the  continuous  conglomerate.  This 
alternation  of  beds  makes  the  thickness  of  the  basal  zone  indefinite, 
but  there  are  few  pebble  beds  above  the  first  20  or  30  feet. 

Charticter  of  the  sandstone. — Considerable  variation  may  be  dis- 
cerned in  the  sandstone,  but  with  the  exception  of  the  basal  conglom- 
erate no  one  bed  has  a  constant  position  in  the  column.  Generally 
the  sandstone  is  composed  of  quartz  grains,  with  a  siliceous  cement, 
and  is  gray  or  yellowish  gray.  With  increase  of  iron  oxide  the 
sandstone  exhibits  striking  features  of  differential  coloring.  The 
most  common  of  these  is  due  to  the  concentration  of  the  iron  into 
evenly  distributed  spherical  specks,  which  are  of  uniform  size  in  a 
particular  bed,  but  which  are  as  small  as  small  shot  in  some  beds  and 
as  large  as  peas  in  others.  The  color  of  these  si)ecks  is  light  brown, 
but  in  a  weathered  crust  of  such  a  rock  it  is  often  bright  red,  due,  no 
doubt,  to  the  loss  of  water  from  the  iron  oxide.  This  dotted  coloring 
is  exceedingly  common,  perhaps  more  so.  in  the  upper  portion  than 
in  the  lower.     Frequently,  also,  the  weathered  surface  of  a  Dakota 


•  Eldrldge,  op.  clt,  p.  63. 
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block  or  ledge  is  blackened  by  a  smooth  or  even  shining  crust  of 
manganese  and  iron  oxide. 

At  intervals  between  the  stronger  ridge-making  ledges  occur  layei-s 
of  thinly  laminated  shaly  sands,  aggregating  in  thickness  only  a  few 
feet.  These  crumble  out  in  small  angular  fragments  and  their 
wasting  accentuates  the  relief  of  the  strong  ledges.  Fire  clay  is  not 
found  in  this  area.  Fragments  or  impressions  of  wood  are  not 
infrequent,  but  good  fossils  were  not  observed. 

Columnar  jointing. — Some  of  the  upper  beds  have  a  distinct 
columnar  jointing.  At  Sixmile  Canyon  certain  thin  ledges  when 
viewed  from  a  short  distance  look  like  sheets  of  basalt.  The  bedding 
faces  of  these  same  strata  are  exposed  and  resemble  a  rough  pavement 
of  polygonal  blocks.  This  jointing  produces  irregular  columns  from 
2  to  8  inches  in  diameter.  These  beds  are  not  to  be  confused  with  the 
igneous  rocks,  which  are  intruded. 

The  line  between  the  Dakota  and  the  overlying  Benton  shales, 
while  very  distinct  in  a  large  way,  is  not  so  easily  located  in  detail. 
Alternations  of  sandstone  and  shale  occur  over  a  zone  of  50  feet  or 
more.  The  thickness  of  the  Dakota  at  Bear  Canyon  is  about  320  feet, 
and  at  Fourmile  Canyon  a  little  greater. 

BENTON    FORMATION. 

Shales  and  limestone. — The  Benton  shales  have  a  thickness  of 
more  than  500  feet  at  the  north  end  of  the  field.  They  are  somewhat 
thinner  at  the  south  end  and  taper  uniformly  from  both  ends  toward 
Boulder  Creek,  where  the  formation  almost  disappears.  The  great 
body  of  the  shale  is'  dark.  There  are  frequent  layers  a  few  inches 
thick  which  are  strongly  impregnated  with  iron.  The  formation 
is  calcareous  in  varying  degree.  At  many  places  some  beds  are  com- 
posed of  a  black  limestone  showing  a  crystalline  surface  when  broken 
and  having  a  strong  bituminous  odor.  Six  miles  north  of  Boulder 
several  hundred  feet  of  the  upper  strata  have  this  nature.  Elsewhere 
this  phenomenon  seems  to  be  confined  to  isolated  beds. 

Upper  beds  and  Niohrara  contact, — As  the  summit  is  approached 
the  blackness  disappears  and  the  last  75  feet  (observed  near  the 
north  end  of  the  field)  show  light-colored  limestone,  shale,  and  sand- 
stone. North  of  Sixmile  Canyon  these  l)eds,  which  may  be  regarded 
as  transitional  to  the  Niobrara,  show  the  following  section : 

Section  of  upper  part  of  Benton  formation  north  of  Sixmile  Canyon. 

Feet. 

Greenish  sandstone,  calcareous  In  upper  third 15 

Shales,  blue  to  yellow,  noncalcareous 15 

Sandstone,  noncalcareous,  firm,  rather  purplish 10 

Shale,  iron  stained  at  intervals 10 

Shale,  calcareous  (or  calcareous  at  top). 
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Below  these  beds  is  a  limestone  of  variable  thickness  strongly 
resembling  the  basal  Niobrara.     It  occurs  in  lenses  only. 

The  greenish  sandstone  at  the  top  is  found  below  the  basal  Nio- 
brara wherever  the  latter  is  exposed  in  this  district.  It  is  generally 
10  or  15  feet  thick,  and  is  not  calcareous  except  in  the  upper  portion. 
As  it  is  often  very  much  fractured  and  the  cracks  are  abundantly 
filled  with  carbonate  of  lime,  this  calcareous  character  may  be  due  to 
infiltration  from  the  limestone  above.  The  blue  and  yellow  shales 
below  are  also  seen  wherever  the  base  of  the  greenish  sandstone  is 
exposed. 

NIOBRABA   FORMATION. 

The  Benton  is  succeeded  by  the  Niobrara,  whose  prominent  char- 
acteristic is  its  calcareous  nature.  It  is  composed  in  small  part  of 
true  limestones,  but  the  greater  mass  is  made  up  of  calcareous  shales, 
while  considerable  portions  are  of  intermediate  character.  Its  thick- 
ness at  Fourmile  Canyon  is  a  little  more  than  400  feet. 

The  basal  stratum  of  compact  limestone  rests  upon  the  greenish 
sandstone  which  is  at  the  top  of  the  Benton.  Occasionally  a  foot 
or  more  of  light-colored  marl  intervenes.  Below  the  Niobrara,  as 
pointed  out  above,  are  occasional  beds  of  similar  limestone  and  cal- 
careous shales  interbedded  with  noncalcareous  sandstones.  In  litho- 
logical  character  these  transitional  beds  resemble  the  Benton  more 
than  the  Niobrara.  The  faunal  relations  are  not  decisive.  It  is 
therefore  convenient  from  a  field  standpoint  to  adopt  the  above- 
named  horizon  as  the  dividing  line  between  the  Benton  and  the  Nio- 
brara because  of  the  sharp  change  at  this  horizon  from  a  sandstone  to 
a  compact  limestone. 

Basal  Ihnestonc. — This  is  generally  about  15  feet  thick,  reaching 
a  probable  maximum  of  20  feet ;  it  is  light  gray,  dolomitic,  and  very 
compact;  it  breaks  with  a  conchoidal  fracture.  Its  individual  beds 
may  be  2  or  3  feet  thick  and  are  sometimes  separated  by  thin  layers 
of  clay.  The  bedding  is  irregular  and  a  3-foot  bed  has  been  seen 
to  pinch  out  within  10  feet.  It  abounds  in  shells  of  Inoceramns  and 
has  also  some  dendritic  markings.  On  its  upper  side  it  passes  into 
the  calcareous  shales  through  an  alternation  of  thinner  limestone 
and  shale  beds.  These  thinner  limestone  beds  are  characteristically 
jointed  into  small  blocks  whose  edges  are  rounded,  and  when  expo.sed 
in  the  quarry  the  bed  has  the  appearance  of  a  pavement. 

The  basal  limestone  has  been  frequently  overturned  (see  p.  50)  and 
has  been  nmch  crushed  by  lateral  stress.  In  outcrops  it  is  by  far  the 
most  prominent  stratum  bt»tween  the  Dakota  and  the  Laramie, except 
where  the  Hygiene  sandstone  makes  its  prominent  ridge. 

ShalcH, — Most  of  the  Niobrara  shales  are  dark  brown,  but  their  out- 
cropping edges  weather  light  gray,  sometimes  almost  white.    The  top- 
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most  beds,  which  are  10  or  20  feet  thick,  are  of  a  much  lighter  brown, 
and  weathering  gives  to  them  a  characteristic  yellow  color.  These 
are  highly  calcareous,  and  pass  at  places  into  impure  limestones,  5  or 
C  inches  thick.  This  horizon  is  frequently  marked  by  a  ridge. 
Generally,  too,  about  midway  between  base  and  summit,  the  dark 
shales  which  weather  white  contain  harder  and  more  calcareous  beds, 
whose  outcrops  make  low  ridges  (PL  V,  5).  Locally  these  also  are 
impure  limestones.  In  this  zone  are  beds  several  inches  or  even  a  foot 
thick  composed  entirely  of  Ostrea  congesta  shells.  More  than  one  of 
such  zones  occur  at  places.  As  in  the  basal  limestone,  the  rock  has 
a  strongly  bituminous  odor  when  struck,  especially  where  fossils  are 
present. 

PIERRE  FORMATION. 

Color, — Above  the  Niobrara  are  the  Pierre  shales,  which  are  more 
than  5,000  feet  thick.  They  are  slate  colored,  leaden  gray,  dark 
brown,  and  sometimes  nearly  black.  Weathering  gives  to  them  a 
greenish-drab  hue,  which,  at  any  considerable  distance  from  the  foot- 
hills, is  their  color  to  a  3epth  of  30  feet,  more  or  less.  It  is  therefore 
the  one  ordinarily  seen.  Near  the  base  of  the  formation,  however, 
just  in  front  of  the  hogbacks,  erosion  is  more  active  and  the  shales  are 
often  seen  with  their  original  dark  colors. 

Limestone  beds. — "WTiile  in  general  noncalcareous,  the  Pierre  has 
local  limy  beds.  At  places  these  form  continuous  strata,  as,  for 
example,  4  miles  north  of  Boulder,  one-half  mile  east  of  the  contact 
with  the  Niobrara.  Here,  for  a  thickness  of  nearly  40  feet,  strong 
limestone  beds  are  so  closely  grouped  as  to  give  the  outcrop  the  ap- 
pearance of  the  basal  Niobrara.  \i  other  places  the  limestone  beds 
are  smaller  and  more  isolated,  or  are  divided  into  concretionary 
masses  often  containing  fossils.  I^ss  prominent  calcareous  masses 
may  be  found  at  any  horizon  either  in  beds  or  in  more  or  less  perfect 
concretions. 

Concentrations  of  iron  occur  in  similar  but  less  massive  forms, 
ranging  from  clear-cut  beds  to  well-formed  nodules.  The  lime  and 
the  iron  may  or  may  not  occur  in  the  same  concretionary  mass. 
Many  of  the  calcareous  nodules  mentioned  contain  much  iron  car- 
bonate, which,  in  progressive  oxidation  toward  the  center,  gives  rise 
to  sharply  marked  concentric  shells  differing  in  color. 

Uygiene  sandstone  member. — Sandy  beds  may  occur  at  any  place 
in  the  section.  The  most  prominent  and  persistent  of  these  is  about 
one-third  way  up  from  the  base,  or  a  little  higher.  Its  outcrop 
is  chiefly  at  the  north  end  of  the  field,  where  it  forms  a  consid- 
erable ridge,  though  disappearing  under  Table  Mesa.  Where  it 
reappears  north  of  this  broad  mesa  its  outcrop  again  forms  a  strong 
ridge,  which  is  almost  continuous  for  many  miles.    The  ridge  passes 
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within  a  mile  and  a  half  of  the  village  of  Hygiene,  where  the  sand- 
stone is  typically  developed.  The  name  Hygiene  sandstone  has 
therefore  been  adopted  for  this  member  of  the  Pierre  formation. 
To  the  public  it  has  become  well  known  on  the  Culver  ranch,  6  miles 
southwest  of  Berthoud,  where  it  crosses  Little  Thompson  Creek  and 
where  a  seepage  of  oil  has  long  been  known.  At  its  outcrop  west  of 
Berthoud  it  has  a  thickness  of  several  hundred  feet.  At  the  north 
edge  of  the  area  described  in  this  report  it  has  a  thickness  of  250 
feet.  At  Bear  Canyon  is  an  isolated  outcrop  of  an  equally  promi- 
nent sandstone,  150  feet  thick,  which  is  probably  of  Hygiene  age. 

The  Hygiene  sandstone  is  thick  bedded  and  frequently  cross- 
bedded.'  Much  of  it  is  dark  greenish  gray  and  gritty.  The  remain-, 
der  is  light  gray.  The  whole  is  calcareous  where  fresh.  It  loses  its 
lime  in  weathering,  takes  a  paler-greenish  tint,  and  becomes  friable. 
It  frequently  contains  carbonaceous  matter  resembling  small  sticks 
of  wood  turned  to  coal.  It  also  contains  fossils  of  invertebrates,  but 
its  fauna  is  not  yet  known  to  be  distinctive  of  this  horizon. 

Near  Boulder  the  Hygiene  sandstone  is  within  less  than  1,000  feet 
of  the  base  of  the  Pierre  and  is  itself  a  very  thin  stratum.  It  thick- 
ens greatly  toward  the  north,  as  do  also  the  shales  which  lie  below 
it.  Five  miles  north  of  Boulder  the  underlying  shales,  which  are 
1,000  feet  thick  near  Boulder,  have  a  thickness  of  about  2,700  feet. 
Here  also  the  sandstone  begins  to  separate  into  two  strata  by  the 
coming  in  of  a  shale  parting.  In  the  next  2  miles  this  intercalated 
shale  becomes  200  or  300  feet  thick.  In  so  far  as  the  upper  sand- 
stone can  be  identified  north  of  Table  Mesa,  the  indications  are  that 
this  intervening  stratum  goes  on  thickening  to  the  north,  in  common 
with  other  strata. 

From  these  pure  sands  at  one  extreme  to  pure  clay  shales  at  the 
other,  the  Pierre  shows  all  gradations  in  composition.  The  sandy 
layers  are  generally  firm  and  gritty,  almost  as  dark  colored  as  the 
shales  themselves,  and  not  very  porous.  In  rare  instances  light- 
colored,  friable  sands  are  encountered  in  drilling  oil  wells. 

The  thickness  of  the  sandy  beds  is  as  variable  as  their  constitution, 
while  the  lateral  extent  of  such  beds,  as  indicated  by  occasional  out- 
crops and  by  the  records  of  wells,  is,  in  a  large  majority  of  cases,  a 
small  fraction  of  a  mile.  Some  of  these  beds  may  be  lenses,  but 
doubtless  the  more  common  mode  of  lateral  limitation  of  the  sands 
is  by  a  gradual  change  in  composition  of  the  beds  into  the  shales. 
Such  beds  are  found  at  irregular  depths.  As  some  of  them  disap- 
pear and  others  come  in,  their  depths  vary  greatly  from  place  to 
place. 

The  upper  division  of  the  Hygiene  sandstone  is  characterized  by 
large  calcareous  concretions  several  feet  in  diameter.  Where  the  out- 
crop appears  as  a  Jgw  ridge  or  only  a  stony  band,  these  concretions, 
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crumbling,  form  isolated  rocky  patches  of  angular  fragments,  fre- 
quently showing  fossils.  The  exposures  of  beds  of  this  description 
in  or  near  the  area  described  in  this  report  are  insufficient  for  the 
correlation  of  their  outcrops,  or  even  for  the  determination  of  their 
number.  It  seems  necessary  to  assume,  however,  that  there  is  more 
than  one  bed,  and  it  is  probable  that  the  beds  occur  at  any  horizon 
and  are  of  very  limited  lateral  extent.  The  upper  division  of  the 
Hygiene  sandstone  is  here  given  as  a  typical  case,  except  that  it  has 
far  greater  continuity  than  others  of  its  kind.  Whatever  may  be 
true  of  these  calcareous  beds,  the  sandy  beds,  except  the  main  stratum 
described  above,  are  distributed  through  the  column  of  shales  at 
irregular  intervals  and  are  generally  of  small  extent. 

FOX   HILLS  FORMATION. 

Within  the  limits  of  this  area  the  great  body  of  the  Fox  Hills  is 
but  indefinitely  distinguished  from  the  Pierre.  In  mild  contrast 
with  the  latter  its  shales  are  yellowish  instead  of  slate  colored,  and 
are  also  more  arenaceous.  This  latter  quality  is  plainly  shown  in  the 
soil  produced.  At  some  places  the  transition  zone  spoken  of  by 
Eldridge  •  as  marked  by  "  limestones  and  small  ferruginous  nodules  " 
is  plainly  seen.  No  attempt  has  been  made  to  trace  on  the  accompa- 
nying map  the  contact  between  these  two  formations,  as  definite 
points  of  contact  are  infrequent  and  separation  of  the  areas  of  the  two 
terranes  in  a  detailed  way  must  in  fact  rest  largely  on  the  character 
of  the  soils.  This  distinction  is  frequently  masked  by  outwash  from 
the  foothills. 

The  topmost  stratum  of  the  Fox  Hills  is,  however,  a  very  definite 
feature  in  the  stratigraphy.  For  many  feet  below  it  there  are  occa- 
sional sandstone  beds,  and  the  intervening  shales  are  highly  sandy, 
but  at  the  top  is  a  continuous  bed  of  sandstone  40  feet  thick. 
It  is  best  exemplified  just  east  of  the  area  mapped,  where  a  fine  fault 
brings  it  up  to  view  alongside  the  basal  Laramie.  The  sandstone  is 
here  fine  grained  and  yellow,  very  slightly  calcareous,  and  incloses 
great  calcareous,  iron-stained  concretions.  The  entire  thickness  of 
the  Fox  Hills  near  Niwot  is  about  1,300  feet. 

LARAMIE  FORMATION. 

The  Laramie  outcrops  in  the  southeast  corner  of  the  area.  Within 
the  limits  here  defined  this  formation  consists  essentially  of  (1) 
sandstones  at  the  base,  (2)  sandstones  alternating  with  shales  and 
coal  overlying,  (3)  sandstones  above  the  coal,  and  (4)  clays  contain- 
ing isolated  sandstone  beds  and  lignitic  streaks. 

•  Mon.  U.  S.  Geol.  Survey,  vol.  27,  p.  71. 
Bun.  265—05  M 3 
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Basal  sandstones. — The  basal  sandstones  are  exposed  at  various 
places  in  the  Marshall  coal  field,  but  best  of  all  at  White  Rocks,  on 
the  eastern  border  of  the  area  mapped.  Here  the  bold  sandstone 
escarpment  comprises  two  distinct  and  massive  beds,  whose  topo- 
graphic effect,  however,  is  that  of  a  single  stratum  continuous  with 
the  Fox  Hills  sandstone  beneath.  The  lower  Laramie  sandstone 
is  40  feet  thick,  equaling  the  underlying  Fox  Hills  sandstone,  while 
between  the  two  are  a  few  feet  of  thinly  laminated  sandstones, 
varying  to  a  lignitic  shale.  The  second  and  thicker  stratum  of 
Laramie  is  separated  from  the  first  by  gray,  shaly  sands,  inclosing 
10  inches  of  lignitic  shale  and  above  it  10  inches  of  coal. 

Both  Laramie  beds  are  clearly  distinguished  from  the  Fox  Hills 
by  their  gray  or  white  color  and  coarser  grain.  They  are  composed 
of  coarse  quartz  sand,  and  in  addition  always  show  some  black 
specks  of  an  undetermined  mineral.  The  two  sandstones  differ  in 
the  following  respects:  The  upper  is  distinctly  whiter  and,  where 
exposed  along  bedding  planes  (and  to  a  less  degree  on  fracture 
planes),  the  surface  is  marked  by  weathered-out  cracks,  making 
polygonal  patterns  a  few  feet  across.  Both  strata  are  weakly 
cemented  and  noncalcareous,  but  contain  giant  concretions  which 
are  very  calcareous,  hard,  and,  on  weathered  surfaces,  are  stained 
brown  with  iron  oxide. 

Beds  associated  with  the  coal, — The  75  feet  of  thinner-bedded  sand- 
stones above,  containing  some  shale  and  coal,  are  best  seen  at  Marshall. 
The  shales  occur  at  frequent  intervals,  and  are  often  lignitic.  The 
one  workable  coal  seam  is  sometimes  at  the  top  of  this  division,  but 
again  is  overlain  by  5  or  10  feet  of  shales  and  thin  sands;  all,  how- 
ever, lie  below  the  more  persistent  sandstone  referred  to  under  (3) 
above."  Aside  from  the  coal  seam,  no  horizon  above  the  basal  sand- 
stones is  more  definite  than  the  Ostrea  glabra  zone,  which  occurs  15 
or  20  feet  from  the  base  of  the  series. 

The  sandstone  above  the  coal  is  not  unlike  the  second  massive  bed 
above  the  bottom.  It  weathers  into  the  same  angular  patterns,  and 
has  the  same  appearance  in  the  hand  specimen.  Its  thickness  is 
from  8  to  15  feet.  The  overlying  clays,  as  shown  in  this  area,  are 
yellow  and  purple,  and  have  frequent  lignitic  bands  but  no  coal,  at 
least  within  the  limits  of  the  area  covered  by  the  map. 

QUATERNARY  DEPOSITS. 

There  are  no  deposits  younger  than  Laramie  except  the  uncom- 
pacted  mantle  rock.  This  is  the  coarse  mesa  gravel  (see  p.  14),  or 
finer  alluvium,  similar  to  the  deposit  formed  by  the  present  streams. 

•  The  saDdstoDc  "  C  "  of  Eldrldge,  op.  cit.,  p.  74  ;  also  p.  846. 
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In  the  eastern  part  of  the  area,  especially  in  the  northeastern 
comer,  are  patches  of  loam  which  plainly  belong  to  the  western 
margin  of  the  great  sheet  which  covers  the  surface  a  little  farther 
east.  This  is  the  "  loess  "  of  Hayden  and  Aughey  «  and  of  Emmons.* 
Just  what  relation  these  patches  bear  to  the  "  Plains  marl  "  of  Hay,*' 
or  the  great  silt  body  of  the  Plains  Tertiary,*  was  not  determined  on 
account  of  the  narrowness  of  the  area  studied. 

The  whole  surface  east  of  the  foothills  is,  in  a  large  way,  a  patch- 
work of  stream  terraces.  The  oldest  surficial  deposits  are  highest 
and  farthest  from  the  larger  streams,  and  there  is  a  decrease  in  age 
from  those  at  the  top  of  Haystack  Mountain  to  the  recent  alluvium. 
No  other  time  scale  is  suggested  by  the  phenomena  of  this  portion 
of  the  plains  than  that  based  on  relative  altitude  and  distance  from 
streams.  In  large  part,  at  least,  these  deposits  are  of  Pleistocene  age, 
though  the  time  of  their  beginning  is  not  definitely  fixed. 

IGNEOUS  ROCKS. 

The  igneous  rocks  are  of  interest  chiefly  with  reference  to  their 
manner  of  occurrence  and  relations  to  the  deformation  of  the  sedi- 
mentaries,  rather  than  to  their  character.  Constituent  minerals  and 
rock  textures  are  therefore  given  very  brief  and  summary  mention. 

ROCKS   OF   THE   ARCHEAN   AREA. 

The  Archean  rocks  are  in  general  granite  and  granite-gneiss.  The 
texture  is  generally  coarse  and  the  color  very  frequently  pink  on 
account  of  the  pink  orthoclase  contained.  These  rocks  are  cut  by 
numerous  dikes,  which  are  of  all  sizes  up  to  a  maximum  of  many 
miles  in  length  and  50  or  more  feet  wide.  Their  texture  is  as  varied 
as  the  dimensions  of  the  dikes.  In  direction  the  larger  dikes  show 
a  tendency  to  approximate  parallelism  with  the  foothill  outcrops — 
that  is,  with  the  axis  of  the  foothill  monocline.  They  would,  how- 
ever, if  prolonged  to  the  south,  meet  the  foothill  belt  at  a  small 
angle.  Their  most  prominent  direction,  therefore,  is  more  nearly 
that  of  the  axes  of  the  echelon  folds  which  branch  out  from  the  foot- 
hills. This  comparison  of  the  general  directions  of  two  sets  of  fea- 
tures of  different  age  is  used  as  a  mere  convenience  in  description; 
it  is  not  intended  to  affirm  a  genetic  relation. 

One  of  these  dikes  passes  through  Orodell,  2  miler*  west  of  Boulder. 
It  passes  up  the  valley  of  Fourmile  Creek  for  a  mile  north  of  that 

*  Eighth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Sur?.  Terr.,  1874,  pp.  245-255. 
»Mon.  U.  8,  r.eol.  Survey,  vol.  27.  1896,  p.  261. 

*  Water  reHources  of  a  portion  of  the  Great  Plains ;  Sixteenth  Ann.  Rept.  U.  8.  Geol. 
Survey,  pt.  2.  1805,  p.  570. 

*  Johnson,  W.  D.,  The  High  Plains  and  their  utilization:  Twenty-arst  Ann.  Rept.  U.  8. 
Geol.  Survey,  pt.  4,  1001,  p.  653. 
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point  and  goes  far  to  the  north-northwest.  Its  southern  end  is 
somewhat  interrupted,  but  its  general  course  is  in  line  with  that  of 
the  (ireen  Mountain  fault  (p.  46).  The  "  Hoosier  dike,"  of  the  same 
kind,  lying  2  miles  farther  west,  is  even  larger  and  more  continuous. 

INTRUSIVES  OF  THE   FOOTHILLS. 

In  the  sedimentaries  the  intrusion  is  commonly  in  the  form  of 
sheets.  There  are  also  series  of  apparently  disconnected  bosses,  but 
these  are  ranged  in  lines  following  the  strike  of  the  strata,  three  or 
four  appearing  at  about  the  same  horizon  within  a  mile. 

There  are  here  no  intrusives  in  the  foothills  south  of  Gregory  Can- 
yon. Within  the  narrow  limits  of  the  area  mapped,  at  least,  such 
intrusion  is  limited  to  the  areas  of  complex  folding — that  is,  it  shows 
a  marked  association  with  echelon  folding.  The  greatest  sheets 
occur  at  the  north  end,  where  such  folding  is  shown  on  the  largest 
scale.  In  view  of  the  association  of  certain  intrusive  rocks  with 
small  deformations,  the  presence  of  similar  rocks  beyond  the  limits 
of  the  area  here  described  may  well  be  noted  and  taken  tentatively 
as  a  suggestion  of  the  presence  of  folds.  The  large  importance  of 
these  minor  folds  in  the  structure  of  the  adjacent  oil  field  gives 
significance  to  such  associated  features.     (Compare  p.  93.) 

SUNSHINE  DIKE. 

A  large  dike,  1  mile  long  and  from  15  to  40  feet  wide,  follows  the 
south  side  of  Sunshine  Canyon.  A  short  distance  beyond  its  western 
end  is  a  similar  dike  that  runs  north-northwest  parallel  to  the  Orodell 
pegmatite  dike  for  a  mile  and  then  trends  northwest  in  an  irregular 
course  to  the  Orodell  dike.  The  small  interruption  may  be  dis- 
regarded, and  both  dikes  are  here  called  the  Sunshine  dike.  This 
dike  is  crooked  and  branching,  and  at  places  there  are  two  or  three 
parallel  dikes,  as  if  the  main  one  were  subdivided.  The  rock  of  this 
dike  has  a  dense  greenish-gray  felsitic  groundmass.  It  contains 
phenocrysts  of  quartz,  feldspar,  and  mica,  any  of  which  may  be  one- 
fourth  of  an  inch  in  diameter.  The  proportion  of  the  volume  of 
phenocrysts  to  that  of  the  groundmass  varies  greatly.  Locally  the 
phenocrysts  may  constitute  half  the  rock. 

FLAGSTAFF   SHEET. 

On  the  east  side  of  Flagstaff  Hill  and  near  the  base  of  the  red 
rock  is  an  intrusive  sheet  of  the  same  character  as  the  Sunshine  dike. 
It  extends  north  from  Gregory  Canyon  to  within  half  a  mile  of 
Boulder  Creek.  North  of  that  stream  the  sheet  reappears  at  the  same 
horizon,  and  continues  a  mile  to  the  north.  Its  greatest  width  is  at 
least  40  feet.    The  exact  contact  on  its  east  side  is  seen  in  the  Silver 
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Lake  ditch,  one-fourth  mile  north  of  Boulder  Creek.  The  red  rock 
has  here  been  greatly  altered  by  the  heat  and  both  rocks  have  been 
much  weathered  by  spring  water  following  the  contact. 


Pegmatit*  Rhyolita         Jurassic  and       Cretaceous         Archean    Boss  of  basic  rock 

Trias  sic 

Fio.  2. — Map  showing  dikes  and  intrusive  sheets  west  of  Boulder.     By  Hugh  F.  Watts. 

At  the  north  end  of  Huggins  Park  is  a  small  offshoot  from  the 
main  Flagstaff  intrusion,  or,  it  may  be,  merely  a  dislocated  portion 
of  the  larger  mass  involved  in  the  eastward  slipping  of  the  red  rock. 
Just  below  the  Huggins  Park  intrusion  is  an  exposure  of  the  Dakota 
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sandstones  and  shaly  sands,  apparently  altered  by  heat.  On  this 
account  it  is  presumable  that  this  small  intrusion  followed  a  separate 
fissure  which  conducted  it  to  a  higher  horizon  than  that  of  the  larger 
sheet  on  the  west. 

PLUMELY   CANTON   SHEET. 

A  large  sheet  of  rock  similar  to  that  at  Flagstaff  is  intruded  in  the 
red  rock  in  Plumely  Canyon,  a  wastern  tributary  to  Lykins  Canyon, 
at  the  north  end  of  the  area  mapped.  This  is  fully  30  feet  thick 
and  has  thoroughly  baked  the  including  strata  of  arkose  sandstone, 
giving  them  a  black  color  and  a  siliceous  appearance.  Minor  beds 
and  pockets  of  shale  in  the  sandstone  have  been  much  more  affected 
by  the  heat  than  the  latter.  Pockets  of  shale  are  baked  and  black- 
ened where  the  including  feldspathic  sandstone  is  unchanged. 

ALTONA   SHEET. 

A  larger  sheet  of  the  same  nature,  having  at  places  a  width  of  100 
feet,  occurs  at  or  near  the  base  of  the  Lykins,  above  the  Lyons  sand- 
stone and  below  the  ocherous  shales.  The  exposure  of  this  sheet 
begins  at  a  point  west  of  Altona  and  extends  2  miles  to  the  north 
without  interruption.  For  much  of  its  length  it  forms  a  prominent 
ridge  on  the  floor  of  the  large  longitudinal  valley  which  has  been 
cut  out  on  the  Lykins  shales. 

South  of  Altona  a  20- foot  sheet  of  the  same  rock  is  intrusive  near 
the  top  of  the  Lykins.  The  sandy  shales  have  been  greatly  altered 
by  heat.  Their  color  has  changed  from  red  to  black,  and  some  of 
the  shales  so  strongly  resemble  lavas  that  they  might  be  mistaken 
for  such  if  gradations  were  not  apparent.  The  contacts  of  this 
sheet  are  far  from  regular,  the  magma  having  run  out  in  small 
branches,  sometimes  surrounding  blocks  of  the  country  rock. 

All  of  these  sheets  are  similar  in  character  to  the  Sunshine  dike 
described  above,  though  varying  greatly  in  details  of  texture.  All 
are  distinctly  porphyritic,  though  the  proportion  of  phenocrysts  to 
the  entire  mass  is  subject  to  much  variation.  The  very  fine-textured 
groundmass  is  characteristically  green  or  greenish  gray,  giving  color 
to  the  whole  rock. 

INTRUSIVE  BOCKS  IN  THE  DAKOTA  AND  BENTON. 

The  Dakota  contains  intrusives  at  various  places  in  the  northern 
part  of  the  area.  In  Sixmile  Canyon  there  are  three  sheets  with  an 
average  thickness  of  10  feet,  and  the  same  rock  appears  at  intervals 
for  2  miles  farther  north.  It  appears  in  sheets  at  various  places  in 
sec.  25,  T.  2  N.,  R.  71  W.  On  the  north  side  of  sec.  36  of  the  same 
township  it  occurs  as  a  boss  which  has  greatly  altered  the  Dakota 
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rocks  which  it  intrudes.  The  intnisives  in  the  Dakota  and  those  in 
the  Benton,  which  are  very  similar,  differ  little,  except  in  color,  from 
those  in  the  older  strata.  Those  in  the  Dakota  and  Benton  are  a  dull 
gray. 

A  line  of  bosses  occurs  near  the  base  of  the  Benton  shales.  The 
most  northerly  and  largest  one  is  in  sec.  25.  This  irregular  mass, 
together  with  the  dike  which  runs  eastward  from  it,  traverses  almost 
the  entire  width  of  the  Benton  strip,  which  is  nearly  one-half  mile 
wide  at  this  place.  This  fissure  crosses  one  of  the  most  prominent 
of  the  echelon  folds  of  the  foothills.  (See  fig.  3,  p.  44.)  The  largest 
boss  is  centrally  located  in  a  group  of  such  folds. 

INTBUSITE  BOCKS  IN  THE   NIOBBABA  AND  PUSBBE. 

Near  the  contact  of  the  Niobrara  and  the  Pierre  and  within  a  mile 
north  of  Boulder  is  a  line  of  small  volcanic  knolls.  The  igneous 
rock  which  forms  these  knolls  may  be  seen  at  four  places.  It  occurs 
at  the  Colorado  Sanitarium,  near  the  mouth  of  Sunshine  Canyon, 
at  the  base  of  the  Niobrara.  At  this  place  it  was  thrown  out  from  a 
small  excavation  and  does  not  cause  any  topographic  feature.  One- 
fourth  of  a  mile  to  the  north  it  makes  a  low  knoll  500  feet  in  diame- 
ter extending  across  the  Niobrara  and  into  the  Pierre.  A  second 
and  similar  knoll  occurs  600  feet  farther  north,  this  one  being 
entirely  within  the  Pierre.  A  little  north  of  the  middle  of  sec.  24, 
T.  1  N.,  R.  71  W.,  is  another  knoll,  similar  in  every  way  to  the  other 
two. 

No  sheet  connecting  these  four  masses  has  been  foimd,  but  as  they 
are  ranged  along  the  strike  of  the  strata  and  are  all  composed  of  the 
same  rock,  they  belong  undoubtedly  to  a  common  magma,  which  at 
this  horizon  became  separated  along  at  least  four  lines  of  slight 
resistance.  The  rock  at  this  highest  horizon  contains  comparatively 
few  crystals.  Large  masses  of  it  are  nearly  white,  purely  felsitic 
lava. 

DIFFEBENCES  IN   FOBM   OF  INTBUSIONS. 

From  the  Fountain  sandstone  to  the  shales  of  the  Pierre  the 
sheets  become  progressively  more  irregular  in  continuity  and  thick- 
ness. The  thickness  of  the  sheets  is  almost  uniform  throughout  the 
Fountain  sandstone,  but  varies  in  the  Lykins.  In  the  Dakota  the 
intrusive  sheets  have  but  limited  extent  and  there  is  a  strong  tendency 
for  the  igneous  masses  to  be  concentrated  into  bosses.  In  the  Benton 
such  localization  is  the  rule.  All  the  intnisives  in  this  formation 
appear  now  as  isolated  knolls,  except  in  the  one  instance  described 
above,  where  a  dike  runs  eastward  from  the  largest  of  such  knolls. 
In  the  Niobrara  and  Pierre  all  igneous  rocks  appear  as  completely 
isolated  and  well-spaced  knolls  with  no  evidence  of  connecting 
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sheets.  The  association  of  all  these  igneous  rocks  with  the  echelon 
folds  suggests  that  both  the  intrusion  and  the  folding  occurred 
during  the  same  process — that  is,  during  the  formation  of  the  great 
foothill  monocline. 

VALMONT  DIKE. 

The  basic  igneous  rocks  of  this  area  are  represented  by  only  one 
prominent  formation — the  Valmont  dike.«  This  is  a  great  mass  of 
dolerite.  Both  its  occurrence  and  its  petrographic  character  have 
been  described  in  detail  by  Whitman  Cross.^  It  has  a  maximum 
width  of  45  feet  and  an  extreme  length  of  nearly  3  miles,  though  it 
is  not  uninterrupted.  From  the  village  of  Valmont  it  extends  east 
by  north  uninterruptedly  1  mile  and  as  a  series  of  knolls  for  another 
mile.  For  1  mile  west  of  Valmont  it  does  not  appear,  but  at  that 
distance,  in  an  almost  straight  line  with  its  course,  is  a  knob  of  the 
same  rock.  The  main  portion  forms  a  ridge,  which  rises  at  Valmont 
more  than  200  feet  above  Boidder  Creek,  but  which  is  now  being  cut 
away  for  road  material. 

This  dike  is  of  an  even-grained  dolerite,  divided  into  large  blocks 
by  joints  which  run  parallel  and  transverse  to  its  length.  Within  a 
few  inches  or  a  foot  of  its  walls  the  rock  may  be  divided  into  thin 
plates  by  numerous  joints  parallel  to  the  bounding  surface.  In  a 
very  narrow  zone  next  to  the  contact  the  rock  may  have  a  lava-like 
appearance,  but  at  a  distance  not  greater  than  a  very  few  inches  the 
characteristic  uniform  texture  of  the  dike  appears. 

The  stratified  rocks  containing  this  dike  are  (except  in  case  of  the 
isolated  knoll  to  the  west)  the  Fox  Hills  shales.  There  is  nothing 
more  striking  in  the  whole  occurrence  than  the  small  degree  of 
alteration  which  these  shales  have  undergone.  Beyond  a  very  little 
hardening  it  can  not  be  said  that  they  have  been  changed  at  all. 
In  this  inference,  however,  the  subsequent  weathering  is  not  con- 
sidered. The  vicinity  of  the  contact  has  doubtless  been  subject  to 
the  work  of  percolating  water.  Along  the  vertical  joints  of  the 
dike  near  the  contact  there  have  been  much  weathering  and  some 
deposition  of  calcite. 

It  is  inferred  by  Cross*'  that  this  dike  "represents  a  channel 
through  which  the  basaltic  magma  rose  to  the  surface;"  that  this 
eruption  occurred  during  the  Denver  epoch;   and  that  strata,  since 

*  Ooe-half  mile  north  of  Green  Mountain  there  Is,  surrounded  by  the  granite,  a  small 
Isolated  mass  of  a  peculiar  nearly  black  Igneous  rock,  with  large  phenocrysts  of  several 
kinds.  This  knob  was  located  and  specimens  were  collected  from  It  by  Mr.  Hugh  F. 
Watts,  to  whom  the  writer  Is  indebted  for  information  and  specimen.  The  rock  Is  unlike 
any  other  known  within  the  area. 

*BuII.  U.  S.  Geol.  Survey  No.  150,  1898,  p.  261;  also  Geology  of  the  Denver  basin: 
Mon.  U.  S.  Geol.  Survey,  vol.  27,  1896,  pp.  280  and  298. 

'  Bull,  cit,  p.  261. 
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denuded,  made  the  surface  of  the  ground  about  2,000  feet  higher 
(hen  than  now.  The  nearly  complete  uniformity  of  texture  from 
wall  to  wall  is  taken  to  indicate  that  the  magma  cooled  at  a  very 
uniform  rate  and  that  the  adjacent  shales  had  been  thoroughly 
heated  by  long-continued  passage  of  lava. 

At  Burnt  Knoll,  3  miles  northeast  of  Marshall,  are  rocks  which 
bear  a  remarkable  resemblance  to  lavas.  The  zone  characterized  by 
this  appearance  is  horizontal  and  confined  to  the  top  of  the  hill, 
though  much  of  the  material  has  rolled  down  and  now  clothes  the 
sides.  Apparent  injection  among  fragments  of  baked  shale  is  the 
most  common  phenomenon,  but  nothing  of  undoubted  volcanic  origin 
has  been  found.  The  coal  beneath  the  hill  is  nowhere  affected  by 
heat.  Gradations  from  the  most  lava-like  appearance  to  ordinary 
shale  indicate  that  the  phenomena  are  due  to  heat  alone  and  not  to 
injection.  Doubtless  the  heat  came  from  the  burning  of  associated 
coal  beds,  probably  ignited  by  prairie  fires." 

STRUCTURE. 

FOOTHILL  MONOCLINE. 

The  master  structural  feature  of  this  region  is  the  great  upturn  of 
the  strata  against  the  mountain  range.  The  form  and  magnitude  of 
this  fold  appear  most  striking  when  the  Archean  surface  alone  is 
considered.  As  shown  under  the  heading  "  Physiography,"  the 
first  Archean  belt  west  of  the  foothills  is  a  dissected  plateau  10  to  12 
miles  wide,  which  slopes  east  and  abuts  against  the  mountain  ridge 
proper  on  the  west.  It  is  from  6,500  to  7,000  feet  above  sea  level  at 
its  eastern  edge,  where  it  ends  abruptly  and  is  flanked  by  the  Foun- 
tain sandstone,  which  has  an  average  dip  of  about  50*^.  The  height 
of  this  sloping  face  above  the  plains  is  nearly  1,000  feet,  but  this  is 
a  small  fraction  of  the  true  height  of  the  monocline.  Five  miles 
east  of  the  base  of  the  foothills  the  Archean  surface  is  at  least  9,500 
feet  below  the  surface  or  4,200  feet  below  the  level  of  the  sea.  The 
real  face  of  the  granite  plateau  is  therefore  about  2  miles  high,  and 
this  enormous  rise  is  accomplished  in  6  miles.  These  figures  repre- 
sent merely  the  measured  thicknesses  of  strata  outcropping  in  the 
first  5  miles  from  the  foothills.  They  do  not  take  into  account  the 
possible  thinning  or  thickening  within  that  distance,  nor  the  prob- 
able presence  of  other  beds  overlapped  by  those  exposed. 

The  granite  plateau  on  the  west  shows  no  evidence  of  any  deforma- 
tion since  its  elevation  above  base-level.  The  uplift  therefore  resulted 
in  the  formation  of  an  almost  simple  monocline  not  less  than  2  miles 
high  and  6  miles  wide.     But  it  does  not  follow  that  this  flexing 

a  See  also  Eldrldge,  op.  cit,  p.  76 
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was  brought  about  entirely  by  the  mountain-making  forces.  In 
fact,  the  greater  part  of  it  was  apparently  accomplished  while  the 
thick  formations  were  being  deposited  to  the  east  and  land  continued 
to  the  west.  When  the  topmost  marine  stratimi,  the  Fox  Hills,  was 
laid  down  in  the  shallow  water,  the  elevation  of  its  surface  probably 
differed  little  from  that  of  the  granite  terrane  to  the  west.  The  same 
statement  would  be  fairly  correct  for  the  lowest  stratum  of  the  Foun- 
tain sandstone  during  its  deposition,  and  for  any  intervening  bed. 
While  at  any  time  during  the  long  process  of  sedimentation  the  last- 
laid  stratum  was  approximately  horizontal  and  close  to  the  sea  level, 
the  originally  (nearly)  horizontal  granite  base  was  getting  constantly 
lower,  and  its  eastward  or  seaward  dip  near  shore  was  correspond- 
ingly increased. 

It  follows  from  the  above  that  before  the  present  Rocky  Mountains 
were  formed,  and  while  the  area  now  included  in  them  was  close  to 
the  sea  level,  there  had  been  produced  a  monoclinal  fold  whose  height 
was  but  little  less  than  that  which  would  now  appear  in  the  granite 
surface  if  the  sediments  were  removed.  This  conclusion  involves  no 
hypothetical  premise  except  the  generally  accepted  continuance  of 
land  conditions  on  the  site  of  the  Front  Range  of  the  Rocky 
Mountains. 

In  determining  the  height  of  the  monocline  it  must  be  reinembered 
that  the  land  surface  on  the  west  was  constantly  being  lowered  by 
erosion.  Occasional  or  continuous  uplift  was  necessary  in  order  to 
furnish  the  material  for  the  sedimentary  formations.  The  amount 
of  flexing  is,  therefore,  the  sum  of  the  subsidence  of  9,500  feet  on  the 
east  and  an  unknown  elevation  on  the  west.  This  rising  on  the 
west  might  even  be  equal  to  the  sinking  on  the  east,  hence  the  actual 
height  of  the  flexure  is  but  partially  represented  by  the  2-mile 
vertical  interval  between  the  exposed  surface  of  the  Archean  west  of 
the  foothills  and  its  buried  surface  under  the  plains.  The  total 
amount  of  flexing  is  equal  to  the  offset  that  would  appear  if  the 
denudation  west  of  the  hinged  shore  line  had  not  taken  place  and  the 
sedimentary  formations  east  of  that  line  were  removed. 

If  the  above  statements  are  correct  the  influence  of  actual  moun- 
tain making  in  increasing  the  height  of  this  monocline  was  compara- 
tively small.  It  is,  however,  conceivable  that  an  east- west  compress- 
ive force  may  have  accentuated  the  fold  along  the  steepest  part  of 
its  slope,  thus  tending  to  narrow  the  belt  of  dipping  strata,  while 
their  dip  was  at  the  same  time  steepened.  The  slope  of  the  monocline 
previous  to  the  mountain  uplift  can  not  be  determined  unless  the 
shore  line  is  definitely  located,  which  is  probably  impossible.  No 
reason  appears  in  this  area,  however,  for  departing  from  the  com- 
mon assumption  that  the  sea  did  not  cover  the  line  which  is  now 
the  axis  of  the  Front  Range  and  which  lies  a  few  miles  to  the  west 
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It  is  not  conceivable  that  mere  sinking  under  an  increasing  load  of 
sediments  should  have  folded  the  rocks  so  sharply  or  along  a  belt  so 
narrow  as  the  present  monocline;  yet  the  height  of  the  flexure  is 
mainly  due  to  that  cause.  It  is  only  in  association  with  the  last  and 
smaller  part  of  the  deformation  that  lateral  compressive  force  is 
evident.  The  process  of  mountain  making  gave  to  the  granite  plateau 
west  of  the  foothills  a  comparatively  small  relative  uplift  above  the 
plains. 

Echelon  folds. 

Other  definite  effects  of  lateral  compression  are  seen  in  a  special 
type  of  folding  known  as  "  echelon,"  which  at  places  accompanies  the 
foothill  uplift.  Such  folding  indicates  that  there  was  a  north-south 
pressure  in  addition  to  the  dominant  east-west  pressure.  The 
resultant  stress  was  in  lines  a  little  north  of  east  and  south  of  west, 
causing  folds  whose  axes  diverge  slightly  from  the  foothill  belt,  and 
trend  south  by  east.  Within  this  area  such  folds  are  all  small. 
In  general,  however,  such  folds  are  larger  in  the  younger  and  eastern- 
most strata.  They  are  largest  in  the  Pierre,  become  less  and  less 
marked  to  the  west,  and  almost  die  out  by  the  time  the  Fountain 
sandstone  is  reached.  This  general  rule  is  not  without  its  exceptions, 
because  the  size  of  such  folds  is  also  in  a  measure  dependent  on  the 
strength  of  the  strata  affected.  They  are  therefore  larger  and  rather 
more  prominent  in  the  weaker  Jurassic  than  in  the  stronger  Dakota 
above  it.  Wherever  a  stratum  of  some  strength  is  thus  folded  the 
end  of  the  canoe-shaped  synclinal  trough  shows  a  distinct  eminence. 
All  the  Echelon  folds  are  shown  on  the  geologic  map  (PL  II). 

FOLD  NEAR   SOUTH  BOULDER   CANYON. 

The  Echelon  fold  affecting  the  lowest  strata  occurs  a  mile  north  of 
'  South  Boulder  Canyon.  Here  the  top  of  the  red  rock  is  offset  1,000 
feet  to  the  west  on  the  south  side  of  a  small  stream  as  compared  with 
the  north  side.  The  younger  strata  to  the  east  are  less  and  less 
affected,  so  that  the  Dakota  is  offset  but  500  feet  and  the  Niobrara  is 
not  folded  at  all.  The  location  of  the  fold  is  significant,  being,  as 
it  is,  at  the  extremity  of  the  South  Boulder  fault.  The  two  are  but 
different  phases  of  the  same  feature  and  are  due  to  the  same  act  of 
deformation,  only  the  style  of  deformation  differs. 

fold'south  of  fouemile  canyon. 

One-half  mile  south  of  Fourmile  Gulch  a  mild  tendency  to  this  type 
of  folding  shows  itself  in  a  strong  southwest  trend  of  the  Dakota 
hogback,  which  makes  a  jog  of  some  400  feet  from  its  otherwise 
uniform  course.     In  diminishing  degree  this  fold  can  be  traced 
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north-northwest  and  south-southeast  to  the  Jurassic  and  Benton, 
respectively. 

FOLD  IN  SEC.  25,  6  MILES  NORTH  OF  BOULDER. 

A  large  number  of  small,  well-developed  folds  of  this  kind  appear 
in  sees.  36  and  25,  6  miles  north  of  Boulder.    In  the  west  half  of 

sec.  25  a  prominent,  bald, 
rounded  hill  rises  several 
hundred  feet  above  the 
crest  of  the  Dakota  ridge, 
which  at  this  place  is  broad 
and  IcvSS  distinctly  marked 
than  usual,  though  not 
lower.  Here,  for  a  short 
distance,  the  ridge-making 
rock  is  not  the  Dakota,  but 
the  strong,  purplish  sand- 
stone in  the  Morrison.  The 
rounded  hill  mentioned  is 
at  the  end  of  a  canoe-shaped 
structural  trough  in  this 
sandstone.  (See  fig.  3.) 
East  of  it,  in  the  same 
stratum,  is  a  well-deline- 
ated anticline,  with  an  axis 
pointing  south  by  east, 
thus  diverging  slightly 
from  the  main  trend  of  the 
outcrop.  The  exposed  edge 
of  this  stratum  first  runs 
north,  turns  around  the 
synclinal  hill,-loops  back  to 
the  south  for  a  third  of  a 
mile,  and  then  turns  north 
again  around  the  anticline. 
All  the  beds  of  the  Jurassic 
and  those  adjacent  are 
strongly  affected  in  similar 
manner.  In  a  direction  north  by  west  the  fold  affects  the  Fountain 
sandstone  for  a  number  of  miles,  flattening  its  eastward  dip  of  nearly 
30''  to  7^  or  8^  along  the-  line  of  the  fold.  It  is  largely  due  to  this 
flattening  of  dip  that  the  outcrop  of  the  Fountain  sandstone  is  so 
greatly  broadened  at  the  north  end  of  the  area  mapped.  The  effect 
on  this  formation  is  also  seen  in  the  northeast  trend  of  its  eastern 
boundary,  west  of  Altona. 


Faults  ^&K$  Igneous  rocks 
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Fio.  3.— Map  of  sees.  25  and  36.  T.  2  N..  B.  71  W. 
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Near  the  northern  line  of  sec.  25  the  upper  beds  of  the  Dakota  are 
distorted  by  an  abrupt  fold  of  the  same  kind.  The  outcrop,  as  traced 
southward,  turns  backward  to  the  northwest,  but  in  this  instance  less 
than  a  fourth  of  a  mile.  The  north-northwest  continuation  of  this 
fold  and  the  fold  above  mentioned  together  produce  the  flattening 
in  the  dip  of  the  Fountain  sandstone.  The  southward  continuation 
of  this  fold  is  beautifully  revealed  in  the  basal  limestone  of  the  Nio- 
brara. The  higher,  shaly  limestones  of  this  series  are  somewhat 
folded  along  the  same  axis,  but  seem  in  the  main  to  have  slipped  one 
over  another  at  the  place  where  corresponding  folds  might  have  been 
expected.  By  such  means  the  site  of  their  folding  was  shifted  nearly 
a  mile  to  the  south.  The  folds  show  clearly  near  the  east  side  of 
sec.  36. 

FOLD  IN  THE  HYGIENE  SANDSTONE  OPPOSITE  8IXMILE  OXTLCH. 

Just  as  the  north-northwest  continuation  of  this  group  of  folds  in 
sees.  25  and  36  causes  a  flattening  of  the  dip  of  the  red  rock,  its . 
continuation  in  the  opposite  direction  has  like  effects  in  the  Hygiene 
sandstone  of  the  Pierre.  If  the  line  of  the  northwestern  continua- 
tion be  extended  in  the  opposite  direction,  it  crosses  the  Hygiene 
sandstone  in  sec.  6,  T.  1  N.,  R.  70  W.  At  this  point  the  outcrop  of 
the  sandstone  deviates  from  it.s  general  northerly  course  and  trends 
straight  northeast,  making  an  offset  of  an  entire  mile  within  the  sec- 
tion. (See  map,  PI.  II,  p.  10.)  This  is  one  expression  of  the  tend- 
ency to  echelon  folding.  Another  is  seen  in  the  reduced  dip,  18°,  as 
compared  w  ith  55°  on  the  south  and  25°  on  the  north.  If  the  line  of 
these  folds  is  extended  still  farther  south,  it  passas  a  little  west  of 
the  producing  oil  wells.  The  significance  of  this  in  the  structure  of 
the  oil  field  is  mentioned  below  (p.  87). 

TABLE   MESA   FOLD. 

Two  miles  north  of  Altona  all  strata  younger  than  the  red  rock 
strike  approximately  northeast  for  several  miles,  but  to  the  north 
again  following  their  usual  northward  trends.  In  this  deformation 
no  such  sharply  marked  echelon  folds  were  developed  in  the  foothill 
outcrops  as  are  seen  farther  south.  The  deformation  represented 
by  this  incipient  fold  is,  however,  large.  The  effect  of  the  same 
stress  on  the  Hygiene  sandstone  was  to  make  a  definite  anticline 
whose  western  limb  dips  18°  toward  the  mountains.  The  sand- 
stone has  been  eroded  from  the  crest  of  this  fold  for  fully  3  miles, 
while  it  remains  in  the  canoe-shaped  syncline  west  of  it.  The  edge 
of  the  Hygiene  sandstone  is  not  everywhere  exposed,  but  if  laid 
bare  it  would  make  the  long  loop  indicated  on  the  map,  west  of 
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Haystack  Mountain.  (See  map,  PL  II.  A  detailed  description  is 
given  on  p.  88.)  The  axis  of  this  anticline,  if  extended  southward, 
would  pass  a  little  east  of  the  producing  oil  wells.  Its  signiiicance 
is  discussed  below. 

FAULTS  AND  LANDSLIPS. 

In  the  foothills  of  this  area  there  are  three  large  faults  and  at 
least  one  small  one  whose  directions  differ  little  from  the  strike. 
The  three  large  ones  which  affect  the  western  margin  of  the  Foun- 
tain outcrop  are  shown  plainly  on  the  map. 

SOUTH  BOULDER  FAULT. 

The  fault  between  the  two  South  Boulder  peaks  strikes  south  by 
east  from  the  vicinity  of  the  peaks,  but  its  southerly  extension 
curves  more  to  the  east,  and  it  dies  out  in  the  incipient  echelon  fold 
mentioned  above.  The  downthrow,  more  than  2,000  feet,  is  on  the 
west  side,  repeating  the  outcrop  of  the  Fountain  sandstone  and  caus- 
ing two  peaks  instead  of  one.  (See  fig.  1,  p.  12.)  The  two  South 
Boulder  peaks  will  here  be  spoken  of  as  outer  and  inner.  The  outer 
is  made  by  the  main  outcrop  of  the  Fountain  sandstone.  The  inner 
and  higher  peak  is  on  the  fault  block  of  the  same  formation.  It  is 
half  a  mile  southwest  of  the  outer  peak. 

The  fault  can  be  distinctly  seen  at  a  point  halfway  up  the  valley  of 
the  small  stream  which  runs  south  from  the  peaks.  Here  its  hade  is 
to  the  west.  As  all  other  features  indicate  east-west  compression  in 
this  region,  rather  than  stretching,  it  is  safe  to  assume  that  this  is  a 
thrust  and  not  a  gravity  fault.  This  implies  that  the  hade  was 
toward  the  upthrow  or  east  side  when  the  strata  were  faulted,  and 
that  it  was  rotated  to  its  present  position  by  the  further  tilting  of 
the  strata.  If  made  since  the  strata  attained  their  present  position 
it  must  be  a  normal  fault,  for  the  present  hade  is  toward  the  down- 
throw side.  This  would  indicate  stretching,  a  supposition  which  is 
unsupported. 

It  is  difficult  to  determine  how  far  this  fault  extends  north  of  the 
peaks,  because  its  farther  extension  is  in  the  granite.  The  block  of 
red  rock  is  not  more  than  700  feet  deep,  being  limited  below  by  its 
stratigraphic  base,  which  dips  E.  52*^,  and  by  the  fault  plane,  which 
dips  west.  (See  fig.  1,  p.  12.)  As  the  gorge  leading  west  from  the 
outer  and  more  northerly  peak  is  much  deeper  than  this,  the  fault 
block  terminates  here  and  the  red  rock  is  not  seen  farther  north. 

GREEN    MOUNTAIN   FAULT. 

Another  fault,  similar  in  every  respect  to  the  one  just  described, 
bears  the  same  relation  to  Green  Mountain  as  the  South  Boulder 
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fault  does  to  the  inner  South  Boulder  Peak.  The  Green  Mountain 
fault  extends  south  by  east  from  Green  Mountain  and  dies  out  in 
the  vicinity  of  South  Boulder  Peak.  Its  extension  north  of  Green 
Mountain  is  in  the  granite  and  is  not  apparent.  The  width  of  the 
I'ed  rock  whose  outcrop  is  thus  duplicated  west  of  the  main  exposure 
is  fully  400  feet;  the  depth  of  the  block  is  about  the  same.  The 
block  is  terminated  by  the  deep  valley  just  north  of  Green  Moun- 
tain. The  maximum  throw  of  this  fault  is  probably  in  Bear  Canyon, 
and  is  apparently  less  than  that  of  the  South  Boulder  fault.  The 
granite  strip  between  the  duplicated  outcrops  of  the  red  rock  is 
occupied  by  streams,  as  in  both  the  other  cases  of  similar  faulting  in 
this  area. 

FOURMILE  FAULT.  ^ 

A  third  great  strike  fault  is  encountered  west  of  Fourmile  Gulch. 
For  2  miles  north  of  this  point  it  is  made  evident  on  the  map  by  the 
appearance  of  the  red  rock  in  a  narrow  belt  on  its  west  or  down- 
throw side.  North  of  this  it  extends  an  unknown  distance  in  the 
crystalline  rock.  Its  southward  continuation  runs  into  the  main  out- 
crop of  the  red  rock,  ^uth  of  Fourmile  Canyon.  The  map  indicates 
that  at  this  point  a  block  of  red  rock  is  oflFset  to  the  west.  This  same 
block  was  at  first  continuous  with  the  isolated  fragments  to  the  north, 
which  have  subsequently  been  separated  by  erosion.  The  fault  has 
therefore  the  same  general  direction  and  the  same  relation  to  the 
Fountain  sandstone  as  the  two  faults  south  of  Boulder. 

The  fault  plane  itself  is  not  seen,  hence  the  hade  is  unknown  and 
the  depth  of  the  block  of  sandstone  can  not  be  accurately  computed. 
The  dip  here  is  but  38"^,  and  the  width  of  the  sandstone  belt  west  of 
the  fault  is  not  over  400  feet.  If  the  fault  is  vertical,  the  depth  of 
the  red-rock  block  would  be  but  little  more  than  300  feet.  The 
gorges  which  cross  the  fault  have  cut  entirely  through  the  block,  ahd 
indeed  several  hundred  feet  deeper,  dividing  it  into  two  widely  sep- 
arated parts  and  isolating  both  patches  from  the  main  outcrop  of  the 
Fountain  sandstone.    Its  maximum  throw  is  about  1,100  feet. 

FAULT  IN  SEC.  25,  T.  2  N.,  R.  71  W. 

It  is  significant  of  the  thrust  character  of  these  faults  that  their 
directions  agree  with  those  of  the  axes  of  the  echelon  folds.  This 
relation  is  emphasized  m  the  case  of  a  small  strike  fault  6  miles 
north  of  Boulder,  in  the  west  half  of  sec.  25.  This  fault  is  on  the 
west  slope  of  the  prominent  bald  hill  referred  to  above  (p.  44)  as 
formed  of  a  hard  Jurassic  sandstone  and  as  marking  the  end  of  the 
syncline  where  the  sandstone  is  characterized  by  echelon  folding. 
For  perhaps  half  a  mile  there  is  a  repetition  of  less  than  150  feet 
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of  Jurassic  strata.  This  intimate  association  of  fold  and  fault  at 
once  suggests  that  the  two  were  caused  by  the  same  force;  and  that 
each  supplemented  the  other  in  relieving  the  east-west  stress.  This 
would  imply  a  thrust  fault,  a  supposition  which  is  harmonious  with 
all  other  observations  in  the  district. 

DIP   FAULTS   IN    THE   FOOTHILLS. 

Dip  faults  in  this  area  are  small.  In  the  next  section  north  of 
Sixmile  Canyon  the  basal  Niobrara  shows  at  least  eight  dip  faults, 
offsetting  the  line  of  outcrop  from  10  to  150  feet  each — sometimes  to 
the  east,  sometimes  to  the  west.  The  belt  occupied  by  the  interfault 
blocks  is  300  feet  wide.  (See  fig.  3,  p.  44.)  The  close  relation  with 
the  folds  of  the  locality  leaves  little  doubt  that  the  two  types  of  def- 
ormation are  due  to  the  same  cause  and  were  produced  at  the  same 
time.  Similar  repeated  faulting,  on  a  very  small  scale,  also  occurs  in 
the  Niobrara  limestone  half  a  mile  south  of  Gregory  Creek.  Minute 
faulting  and  brecciation  at  places  accompanied  the  crumpling  of  the 
"  crinkled  "  sandstone  of  the  Lykins.  It  was  intense  for  some  dis- 
tance north  and  south  of  Fourmile  Gulch. 

POLE   CANYON   SLIP   FAULT. 

The  apparent  dip  fault  in  Pole  Canyon  is  the  most  prominent 
feature  of  this  nature  and  is  also  of  great  interest.  Viewed  casually, 
the  feature  especially  noticeable  is  a  jog  of  400  feet  in  the  Dakota 
ridge,  which  on  the  north  side  of  the  stream  is  small,  and  disappears 
altogether  within  a  few  hundred  feet.  This  jog,  which  would  seem 
to  be  sufficient  evidence  of  a  fault,  does  not  appear  in  any  formations 
older  than  the  Jurassic.  Of  the  younger  formations,  the  Benton  and 
Niobrara  show  no  natural  exposures  on  the  south  side  of  the  stream. 
On  the  north  side  the  Dakota,  Benton,  Niobrara,  and  Pierre  appear 
in  regular  succession.  In  excavations  under  the  end  of  the  Dakota 
ridge,  on  the  south  side,  the  Niobrara  has  been  encountered  in  its 
normal  position,  unfaulted.  The  Pierre  and  Benton  are  also 
unbroken;  the  upturned  edges  of  the  Dakota  and  Jurassic  have 
slipped  forward  over  the  unmoved  higher  strata.  There  are  two 
fault  planes  here — a  vertical  one  in  an  east-west  position  and  a  hori- 
zontal one  which  is  considerably  higher  than  the  present  bed  of  the 
adjacent  stream.  This  structure  must  be  called  a  "  fault,"  though  its 
structural  value  is  quite  different  from  that  of  a  fault,  as  the  word 
is  generally  used.  For  want  of  a  s|3ecific  designation  it  is  here 
referred  to  as  a  "  slip  fault."  It  grades  into  the  landslip,  but  where 
characteristically  represented,  as  it  is  here,  its  true  nature  must  be 
taken  into  account  in  mapping.     It  is  characteristic  of  such  faults 
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that  they  are  (1)  superficial  and  (2)  younger  than  the  upturning  of 
the  rocks  in  the  foothills. 

HUGGINS  PARK. 

A  feature  intermediate  between  the  slip  fault  and  the  more  ordi- 
nary landslip  is  seen  at  the  middle  of  sec.  36,  at  the  foot  of  Flag- 
staff Hill,  west  of  Boulder.  About  300  feet  above  the  plain  a  bench 
or  terrace  a  fourth  of  a  mile  wide  east  and  west,  and  of  somewhat 
greater  length  north  and  south,  is  composed  of  massive  beds  of  the 
Fountain  red  rock.  Near  the  front  of  the  bench  these  rocks  are 
essentially  horizontal,  but  on  the  west  they  curve  gently  upward 
and  become  almost  vertical.  The  higher  strata  from  Jurassic  to 
basal  Niobrara,  inclusive,  come  up  to  this  bench  on  the  north  and  on 
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Fio.  4. — CroM  section  of  east  slope  of  Flagstaff  Mountain. 

the  south,  and  there  disappear  as  if  passing  beneath  the  red  rock. 
The  bench,  known  as  Huggins  Park,  is  a  slide  of  great  dimensions, 
whose  constituent  beds  are  so  massive  and  so  unbroken  that  on  the 
map  the  red  rock  is  represented  as  occurring  here  instead  of  the 
higher  and  younger  strata  which  are  covered  by  the  slide.  In  this 
case  the  basal  plane,  along  which  slipping  has  occurred,  is  in  the 
main  a  bedding  plane,  and  the  phenomenon  differs  in  that  respect 
from  the  Pole  Canyon  slip  fault. 

The  recency  of  this  event  is  shown  by  a  study  of  the  outcrops  of 
the  younger  strata  which  were  overridden  by  the  red  rock  in  its 
eastward  slipping.  The  edges  of  the  Dakota,  Benton,  and  Niobrara 
had  been  eroded  back  to  a  position  not  differing  much  from  that  of 
the  corresponding  outcrops  which  have  not  been  thus  covered.    WTien 
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the  slip  occurred  these  outcropping  edges  were  dragged  forward  and 
overturned.  Under  the  eastward-facing  scarp  of  Huggins  Park  one 
of  these  overturned  beds  of  the  upper  Niobrara  has  been  found  in  an 
almost  horizontal  position"  (fig.  4,  p.  49). 

FOOTHILL  OVERTURNS. 

Just  north  of  Huggins  Park  the  basal  Niobrara  and  its  neighbors 
are  overturned  in  a  manner  similar  to  that  just  described,  though 
not  at  the  present  time  covered  by  the  red  rock.  It  is  fair  to  assume 
that  at  least  a  part  of  these  beds  were  overturned  by  the  original  move- 
ment and  their  edges  dragged  eastward.  By  a  careful  examination  of 
the  contacts  of  a  dike  at  the  north  end  of  the  park,  also.  Prof.  R.  D. 
Greorge  has  shown  clearly  that  there  has  been  vigorous  movement 
along  the  planes  which  bound  the  dike.  The  relative  motion  of  the 
dike  rock  has  been  forward  (east)  with  reference  to  its  hanging  wall 
(on  its  west),  and  backward  with  reference  to  its  foot  wall.  The 
drawing  out  of  the  micas  into  long  streaks  plainly  indicates  this. 

As  similar  overturning  is  common  in  the  Niobrara  of  this  area, 
and  is  sometimes  alluded  to  as  "  fan  structure,"  implying  an  origin 
connected  with  lateral  pressure,  the  significant  features  of  this  occur- 
rence north  of  Huggins  Park  are  here  enumerated.  They  are  as 
follows:  (1)  The  actual  overturn  is  very  superficial,  its  depth  being 
no  greater  than  the  height  of  the  ridge  due  to  the  strong  stratum  of 
the  basal  Niobrara  above  the  surface  of  the  neighboring  shales,  10  to 
20  feet  in  all.  (2)  With  the  exception  of  this  narrow  crest  there  is 
small  difference  in  dip  between  the  nearly  vertical  red  rock  on  the 
west  and  the  slightly  overturned  Niobrara  shales  on  the  east  of  the 
basal  limestone.  (3)  The  overturn  of  the  limestone  increases  to  the 
south,  where  the  outcrop  swings  off  to  the  east  toward  Huggins  Park. 
(4)  The  overturn  is  seen  half  a  mile  still  farther  south,  under  the  red 
rock  in  the  eastward-facing  escarpment  of  the  park. 

As  pointed  out  above,  this  feature  resembles  fan  structure,  and  it 
should  be  so  described  if  interpreted  as  the  result  of  the  profounder 
processes  of  mountain  making.  Recourse  to  these  processes  is,  how- 
ever, unnecessary  to  account  for  any  phenomena  within  the  Niobrara 
of  this  area;  on  the  contrary,  many  of  the  most  pronounced  examples 
of  overturn,  or  fan  structure,  are  clearly  the  result  of  mere  super- 
ficial slipping,  aided,  no  doubt,  by  frost. 

Fan  structure  occurs  most  frequently  in  the  Niobrara,  but  the  cause 
lies  in  the  Benton  shale  west  of  the  Niobrara  outcrop.  This  shale 
occupies  the  steep  eastward  slope  of  the  Dakota  hogback,  and  its 
surficial  parts  may  be  regarded  as  having  a  slow  eastward  move- 

•  The  first  recognition  of  this  relation  was  by  .Judge  Junius  Henderson  and  H.  F.  Watts. 
It  was  first  described  by  Henderson  In  nn  article  entitled  The  overturns  of  the  Denver 
basin  :  Jour.  Geol.,  vol.  11,  1003,  p.  584.  Fig.  4,  drawn  by  Watts,  Is  taken  from  this 
article. 
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ment,  due  to  gravity  and  frost.  This  movement  has  involved  many 
landslips,  but  it  has  been  chiefly  effected  by  creep.  The  ocular  dem- 
onstrations of  these  processes  are  patches  of  hummocky  landslip 
topography  and  superficial  overturning  of  beds.  Overturns  in  the 
Niobrara  may  therefore  be  regarded  as  due  mainly  to  the  eastward 
creep  of  its  outcropping  edges,  which  were  pushed  forward  by  the 
Benton  from  the  higher  slope.  In  exceptional  cases  the  outcrops 
have  been  dragged  eastward  by  landslips. 

It  is  not  quite  so  apparent  that  the  Dakota  should  have  a  steeper 
dip  than  the  Fountain  sandstone  from  causes  similar  to  the  ones  here 
defined.  It  may  be  shown,  however,  that  the  phenomenon  is,  at  some 
places,  a  superficial  one.  The  dip  of  the  block  affected  by  slip  fault- 
ing in  Pole  Canyon  is  20"^  steeper  than  the  normal  dip  of  the  Dakota 
in  that  vicinity.  Throughout  the  area  the  Dakota  hogback  is  in  gen- 
eral a  high,  narrow  ridge,  rising  much  higher  above  the  plains  on  its 
east  side  than  above  the  valley  on  the  west.  Against  the  west  side, 
therefore,  there  is  constant  pressure  of  the  Morrison  and  Lykins  shales 
and  sands,  whose  surface  has  a  general  eastward  slope  and  thus  a 
tendency  to  creep  eastward,  causing  pressure  against  the  Dakota 
ridge.  Under  these  conditions  it  is  difficult  to  see  how  the  strata  of 
the  latter  could  entirely  withstand  the  tendency  to  rotation.  Where 
the  strata  are  thickest  and  the  ridge  is  broadest,  and  best  supported 
on  the  east,  the  dip  is  least  steepened. 

An  example  in  the  Fountain  sandstone  further  illustrates  the  shal- 
lowness of  the  zone  in  which  the  dips  may  be  affirmed  to  agree  with 
those  at  the  surface.  West  of  Boulder,  and  for  a  short  distance  north 
of  Sunshine  Canyon,  the  "  Red  Beds  "  are  vertical.  Going  north,  the 
dip  decreases  with  comparative  abruptness  to  less  than  60°.  The 
strike  continues  in  a  uniform  direction,  and  there  is  no  jog  in  the  out- 
crop. It  follows  from  this  that  if  these  diverse  surface  dips  continue 
to  any  great  depth  the  Fountain  strata  are  dropped  down  sharply, 
and  form  a  deep  east-west  trough  under  the  city  of  Boulder — ^a  sup- 
position which  is  not  supported.  There  has  certainly  been,  since  the 
middle  of  the  Pierre  epoch,  a  great  flattening  of  the  Boulder  arch, 
but  it  is  difficult  even  to  conceive  of  a  structural  trough  in  the  Foun- 
tain sandstone  so  profound  that  its  dips  should  be  continuous  with 
the  present  dips  of  the  crags  around  Sunshine  Canyon.  It  is  far 
more  probable  that  the  steep  dips  of  these  exposed  crags  do  not  con- 
tinue far  beneath  the  surface. 

SLIP  OF  THE   LYKINS   IN   POLE   CANYON. 

The  direct  effect  of  gravity  on  foothill  topography  may  be  seen 
at  various  places  along  the  contact  of  the  Lyons  sandstones  and  the 
Lykins  sandy  shales.     It  is  well  exemplified  in  sec.  12,  just  east  of 
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Green  Mountain.  (See  fig.  5,  below.)  Here  the  Lyons  sandstone  is 
covered  by  a  long  talus  slope  hundreds  of  feet  high,  composed 
of  large  blocks  derived  from  the  sandstone.  The  talus  slope  ends 
where  the  Lykins  begins.  Along  this  line  is  a  trough,  or,  more 
properly,  a  series,  of  pits,  often  20  feet  wide  and  8  feet  deep.  Into 
this  irregular  trough  the  lower  margin  of  the  talus  has  fallen.  The 
steeper  slope  thus  made  at  the  foot  of  the  tahis  has  not  yet  had  time 
to  be  reduced,  and  many  blocks  are  in  an  unstable  position.  Some 
have  been  broken  or  turned  over,  and  expose  fresh  surfaces,  which 
contrast  with  the  older  weathered  or  lichen-covered  surfaces.    Simi- 


Pio.   5. — Lykins  formation   in   Pole  Canyon  slipping  away   from  the  Lyons  sandstone. 

lar  occurrences  are  found  at  various  points  between  Pole  and  South 
Boulder  canyons. 

In  explanation  of  this  phenomenon,  it  is  not  necessary  to  assume 
any  other  force  than  gravity.  The  slope  eastward  from  the  contact 
of  the  Lyons  sandstone  and  the  Lykins  is  steep  and  is  underlain  by 
shale  or  sandy  shale.  At  the  foot  of  this  steep  slope,  a  fourth  of  a 
mile  away,  a  young,  deep  valley  has  been  cut  behind  that  portion  of 
the  Dakota  hogback  which  has  been  swung  forward  by  slip  faulting. 
(See  p.  48.)  Similar  opportunities  for  the  slipping  eastward  of  the 
Ijykins  exist  at  other  points,  and  are  accompanied  by  the  peculiar 
evidences  of  slipping  described  above.  The  tendency  would,  of 
course,  be  greatly  aided  by  any  continuance  of  the  mountain  uplift 
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FAULTS  OF  THE  PLAINS  AREA. 

The  generally  horizontal  rocks  of  the  plains  are  broken  by  faults 
much  longer  than  those  in  the  foothills.  The  throws  are,  however, 
very  much  smaller,  rarely  exceeding  300  feet.  Most  of  the  plains 
faults  within  this  area  converge  at  Marshall  and  have  their  chief 
interest  in  connection  with  coal  mining.  Any  description  of  them 
must  be  little  more  than  a  repetition  of  the  excellent  account  given 
by  Eldridge."  They  have  been  traced  again  in  the  field  and  plotted 
with  some  detail  on  the  large-scale  base  map  used  in  this  survey. 
All  are  far  from  straight,  and  their  courses  are  necessarily  repre- 
sented in  a  generalized  way.  The  actual  line  of  a  fault  can  rarely  be 
seen.  Commonly  its  location  is  fixed  only  within  several  hundred 
feet  by  outcropping  rocks,  whose  relations  indicate  a  fault  somewhere 
within  the  limits  named.  Fragments  of  crushed  and  slickensided 
rock  may  define  the  location  more  narrowly.  In  two  cases  faults  can 
be  seen  in  mines.  The  faults  enumerated  in  Eldridge's  "  Marshall 
subsystem  "  and  -two  of  his  "  North  Boulder  faults  "  are  here  briefly 
described  under  the  names  given  by  him. 

The  main  or  northern  fracture  of  the  Marshall  subsystem  trends 
southwest  along  the  northern  base  of  Davidson  Mesa  to  its  west  end, 
southwest  of  which  its  course  is  more  southerly  to  beyond  the  middle 
of  sec.  21,  where  it  is  lost.  Its  northeastern  extension  also  runs  in 
the  same  direction  as  its  southwest  end.  It  passes  half  a  mile  west 
of  Burnt  Knoll,  northeast  along  the  line  of  Dry  Creek,  and  is  lost. 
The  fault  plane,  where  observed  by  Eldridge,  in  a  mine  now  aban- 
doned, dips  S.  28°  E.,  at  an  angle  of  45°.  As  the  upthrow  is 
on  the  southeast  side,  this  is  a  thrust  fault.  The  maximum  throw 
along  its  middle  course  is  about  350  feet. 

The  middle  fracture  branches  off  from  the  main  fault  near  the 
railroad  station  at  -Marshall  and  follows  a  northeasterly  course, 
though  at  its  southwestern  end  the  trend  is  more  east  than  north. 
Its  course  is  curved  similar  to  that  of  the  northern  fault,  but  the 
curve  is  less  sharp.  The  line  of  the  fault  crosses  the  highest  part  of 
the  mesa  near  its  west  end,  but  farther  northeast  it  follows  the  foot 
of  the  mesa.  The  fault  itself  can  be  seen  in  a  cut  of  the  railroad 
switch,  which  encircles  the  mesa  at  its  western  base.  The  maximum 
stratigraphic  throw  of  this  fault  is  near  its  eastern  end,  and  amounts 
to  180  feet.  The  downthrow  is  on  the  south,  so  that  the  fault  block 
on  the  north  has  been  relatively  lifted  up  between  its  neighbors. 

The  southern  fracture  is  approximately  parallel  to  the  middle  one 
and  distant  from  it  one-fourth  to  one-third  of  a  mile.  It  follows 
a  gently  sinuous  course  along  the  south  side  of  the  valley,  and  south 

•Mon.  U.  8.  Oeol.  Survey,  toI.  27,  1896.  pp.  128-136. 
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of  the  Colorado  and  Southern  Railroad,  but  crosses  the  valley  about 
the  middle  of  the  south  side  of  sec.  15,  ascends  the  mesa  to  the  north- 
east, and  is  lost  to  view  in  about  half  a  mile.  Its  southwest  end 
approaches  the  main  or  northern  fracture  near  the  middle  of  sec.  21, 
but  here  a  strong  monoclinal  fold  appears  and  probably  takes  the 
place  of  the  southern  fault  at  its  westerly  end.  The  downthrow  is 
on  the  north  and  reachas  260  feet.  Nearly  midway  between  the 
middle  and  southern  fractures  is  another  fault  of  similar  direction 
with  downthrow  of  a  few  feet  on  the  north.'' 

The  block  between  the  middle  and  southern  fractures  is  cut  by  the 
"  terminal  cross  fault,"  and  its  west  end  dropped  down  about  30  feet. 
This  fault  lies  a  little  west  of  the  middle  of  sec.  15.  It  trends  nearly 
southeast,  but  turns  more  nearly  to  the  south  at  its  southern  end, 
where  it  seems  to  cross  the  southern  fracture.  It  is  no  doubt  the 
same  fault  which  is  encountered  in  the  Gorham  mine  of  the  Northern 
Coal  and  Coke  Company,  where  the  drop  on  the  west  side  is  10  feet. 

The  canal  fault  (so  named  by  Eldridge)  is  well  seen  in  the  deep 
railroad  cut  in  sec.  13.  It  runs  almost  east  and  west,  and  has  a 
vertical  downthrow  on  the  north  of  about  50  feet.  The  massive 
sandstone  on  both  sides  is  basal  Laramie. 

Two  of  the  group  of  faults  appearing  on  the  north  side  of  Boulder 
Creek  lie  partly  or  wholly  within  the  area  discussed  in  this  report. 
No.  1,  with  upthrow  of  180  feet  on  the  east  side,  brings  up  the  Fox 
Hills  shale  in  the  east  halves  of  sees.  12  and  13  at  the  eastern 
edge  of  the  area  mapped.  The  opposing  stratum  on  the  west  is 
basal  Laramie.  No.  2  has  60  feet  of  upthrow  on  the  east,  the  oppos- 
ing strata  being  Laramie  on  both  sides.  All  trace  of  these  faults 
is  lost  under  the  alluvium  of  the  valley  on  the  south  and  also  under 
the  surface  of  Gunbarrel  Hill  on  the  north. 

GEOIiOGIC  HISTORY. 

PRE-FOUNTAIN  TOPOGRAPHY. 

The  geologic  history  of  the  Fountain  sandstone  is  considered  with 
especial  reference  to  the  topography  of  the  preexisting  land  surface. 
The  uneven  contact  between  the  Archean  and  Fountain  rocks  is 
understood  to  represent  the  subaerial  topography  of  Fountain  time 
as  modified  by  shore  erosion  during  gradual  submergence  beneath 
the  sea.  The  principles  by  which  the  character  of  the  early  topog- 
raphy .and  of  the  marine  denudation  is  inferred  from  the  present 
features   can   not   here    be   discussed   in   detail.''    The   observations 

•  The  writer's  attention  wus  called  to  this  small  fault  by  Mr.  H.  F.  Watts. 

*  See  the  writer,  KflTeot  of  cllflf  erosion  on  form  of  contact  surfaces :  Bull.  Geo!.  Soc. 
Am.,  vol.  16,  pp.  205-214. 
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given  below,  however,  point  to  the  conclusion  that  during  sub- 
mergence the  form  of  the  old  land  surface  was  much  changed  by 
wave  erosion. 

The  Archean-Fountain  contact  differs  from  a  plane  only  when 
broad  areas  are  considered.  The  undulations  of  the  contact  line 
shown  on  the  map  give  an  exaggerated  idea  of  the  unevenness  of 
the  Archean  surface,  but,  ignoring  the  effects  of  faults,  most  of  the 
deviations  from  straightness  are  due  to  the  irregularities  of  the 
present  surface. 

In  the  main  the  proof  of  the  inequalities  of  the  Archean  floor  is 
the  varying  thickness  of  the  red  rock.  A  casual  look  at  the  map 
may  be  somewhat  misleading  as  to  the  amount  of  such  variation, 
for  at  Boulder,  where  the  band  is  narrowest,  the  beds  are  vertical; 
toward  the  north  the  dip  decreases,  and  where  the  outcrop  is  very 
wide,  the  dip  is  but  from  7°  to  30°.  The  thickness  of  the  Lyons- 
Fountain  sandstones  varies  from  500  feet  at  Boulder  to  possibly 
1,500  feet  at  Fourmile  Canyon  and  at  Bear  Canyon,  3  miles  south 
of  Boulder.  At  Lefthand  Creek,  3  miles  north  of  Fourmile  Canyon, 
it  does  not  exceed  1,000  feet. 

If  the  eastward  tilting  due  to  mountain-making  forces  were  undone 
and  the  red  rock  removed,  the  exposed  Archean  surface  would  show 
only  very  smooth,  broad  undulations.  In  this  area  the  slopes  would 
not  be  less  than  3  miles  long,  would  have  a  grade,  except  at  one  place, 
not  exceeding  150  feet  to  the  mile,  and  would  be  entirely  unbroken  by 
valleys.  The  one  exceptional  feature  of  the  relief  would  be  a  hill, 
or  east- west  ridge,  at  Boulder,  rising  possibly  1,000  feet  above  the 
valleys  north  and  south  of  it,  but  having  a  base  6  miles  wide  and 
perfectly  smooth  slopes.  This  hill  or  ridge,  however,  marks  a  well- 
known  line  of  weakness,  along  which  there  has  been  frequent  uplift- 
ing; it  does  not,  therefore,  represent  the  relief  of  the  floor  upon 
which  the  Fountain  sandstone)  was  laid;  it  was  more  probably 
being  elevated  during  the  deposition  of  the  latter,  or,  rather,  it  was 
subsiding  less  rapidly  than  the  areas  north  and  south.  (Compare 
p.  64.) 

The  Archean  rocks  below  the  Fountain  are  unweathered.  Those 
which  are  in  immediate  contact  with  the  red  rock  do  not  differ  in 
this  respect  from  those  which  occur  at  a  greater  distance  back  in  the 
mountains.  In  like  manner,  the  felspathic  constituents  of  the  strati- 
fied rocks  are  essentially  unchanged.  The  sediments  also  contain 
many  unweathered  rock  fragments.  The  material  composing  much 
of  the  red  rock  is  not  unlike  the  disintegrated  granite  which  now 
covers  many  of  the  steepest  hillsides,  with  this  exception,  that  it  has 
been  to  some  small  extent  transported  by  water.  Nevertheless,  these 
sediments  are  in  the  main  but  little  waterworn  and  poorly  assorted. 
They  are  such  as  should  be  found  near  a  land  which  is  being  actively 
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eroded  by  streams  as  well  as  by  waves — that  is,  where  erosion  is  rela- 
tively active  as  compared  with  weathering;  the  more  arid  the 
climate  the  less  active  need  erosion  be  in  order  to  yield  such  waste. 
Such  sediments  belong  to  a  shore  where  trituration  is  not  prolonged, 
and  where  the  bottom  subsides  so  rapidly  that  the  particles  are  car- 
ried downward  into  quiet  water  before  they  have  been  rounded  or 
broken  up. 

The  above  features  of  form  and  material  suggest  that  the  con- 
figuration of  the  present  contact  is  the  result  of  a  considerable 
change  in  the  topography  of  the  old  land.  The  absence  of  smaller 
irregularities  on  the  broad  swells  that  slope  150  feet  to  the  mile  and 
an  unweathered  rock  bed  would  not  both  characterize  an  area  sub- 
jected to  subaerial  erosion.  If  the  former  land  surface  was  a  pene- 
plain its  deeply  weathered  surface  could  not  have  supplied  the  large 
proportion  of  feldspar  fragments  in  the  red  rock,  and  its  slowly 
flowing  streams  could  not  have  transported  them  from  the  higher 
land  on  the  west.  On  the  other  hand  if  the  surface  had  its  present 
relief  its  long  slopes  would  have  been  cut  into  sharp  hills  and  valleys. 
The  invading  sea,  therefore,  must  have  shaved  from  the  surface 
enough  material  to  obliterate  all  the  relief  except  the  major  features, 
which  have  been  left  in  a  very  generalized  form. 

SHORE  EROSION  DURING  SUBSIDENCE. 

The  form  of  the  shore  line  of  an  advancing  sea  is  indicative  of 
the  form  of  the  sea  bottom  near  the  shore.  This  is  apparent  from 
the  fact  that  the  shore  line  at  any  stage  of  subsidence  is  the  highest 
contour  of  the  sea  bottom  and  is  similar  to  the  other  contours,  each 
of  which  was,  in  its  turn,  the  shore  line.  When  the  submerged  sur- 
face, therefore,  is  a  plane,  whose  contour  lines  are  straight,  the  shift- 
ing shore  line  is  known  to  have  been  without  bays.  When  the  sea 
bottom  is  undulating,  the  shore  line  of  the  advancing  sea  was  char- 
acterized by  bays  and  headlands. 

During  the  invasion  of  the  Fountain  sea,  therefore,  the  shore  line 
was  not  straight  (since  the  surface  of  denudation  is  not  a  plane), 
but  there  has  been  found  no  trace  of  bay  heads  where  filling  was 
in  progress.  The  universal  freshness  of  the  underlying  granite 
is  evidence  that  cliflF  cutting  occurred  everywhere.  The  bays  that 
existed  did  not  extend  so  far  inland  as  to  preclude  erosion  at  their 
heads.  WTiile  this  universal  cliff  cutting  was  taking  place  the  sur- 
face rocks  were  being  removed  from  both  hills  and  valleys,  though 
the  erosion  was  greater  on  the  hills  than  in  the  valleys.  Between 
headlands  6  or  8  miles  apart  the  water  would  have  been  possibly  500 
feet  deep.  These  dimensions,  which  follow  from  measurements 
given  above,  are  perfectly  consistent  with  the  assumption  that  the 
bays  were  so  wide  open  as  to  allow  wave  erosion  at  their  very  heads. 
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The  supposition   is  a  long  way   within   the   possibilities  of  shore 
erosion. 

From  the  above-stated  relation  of  the  shore  line  to  the  contours 
of  a  submerged  surface  it  follows  that  if  a  retreating  shore  line  is 
a  sinuous  cliff  the  sea  bottom  will  have  a  fluted  surface.  There  will 
be  ridges  along  the  lines  of  retreat  of  the  headlands  and  furrows 
where  the  bay  heads  receded.  If  there  is  suitable  offshore  slope  and 
rate  of  subsidence,  even  the  coarse  waste  may  be  laid  down  in  beds, 
which  are  continuous  over  these  ridges,  instead  of  abutting  against 
them.  All  these  conditions  occur  along  the  lower  contact  of  the 
Fountain  sandstone.  Fine  flow-and-plunge  structure  is  seen  where 
it  should  be  expected — that  is,  in  the  thickest  part  of  the  formation 
or  within  the  bays  of  the  Fountain  sea. 

All  the  undulations  of  the  Archean  floor  might  be  due  to  gentle 
crustal  folding  during  Fountain  time.  This  hypothesis  also  would 
provide  for  the  continuity  of  the  "  Red  Beds  "  over  the  eminences.  It 
would  make  unnecessary  the  assumption  that  hills  stood  out  as  prom- 
ontories in  the  advancing  sea  and  that  the  shore  line  was  crenulated. 
It  does  not,  however,  account  so  well  for  the  general  cross-bedding, 
and  for  the  flow-and-plunge  structure  that  so  plainly  characterizes 
the  places  which,  on  account  of  the  greater  thickness  of  the  "  Red 
Beds,"  are  regarded  as  bays.  Except  in  the  vicinity  of  Boulder  there 
is  also  a  lack  of  collateral  evidence  of  such  crustal  deformation.  The 
hypothesis  of  warping  during  sedimentation  might  be  used  to  sup- 
port the  theory  of  a  pre-Fountain  peneplain,  but  it  has  already  been 
pointed  out  that  the  character  of  the  Fountain  sediments  does  not 
admit  of  the  assumption  that  they  were  derived  from  a  peneplain. 
The  Boulder  arch  itself  was  probably  slowly  bulging  upward  while 
the  "  Red  Beds  "  were  being  deposited.  The  evidence  on  this  point 
is  given  under  the  discussion  of  the  next  higher  formation.  (See 
p.  61.) 

DEPOSITION  OF  FOUNTAIN  FORMATION. 

Generally  speaking,  the  local  thinning  of  the  red  rock  is  due 
to  thinning  of  all  the  beds  rather  than  to  a  disappearance  of  a  part 
of  them.  Except  in  the  vicinity  of  Boulder  the  topmost  strata  of 
the  formation  can  be  traced  continuously  from  point  to  point  along 
the  line  of  towering  crags,  which  form  the  most  conspicuous  feature 
of  the  foothills.  The  Lyons  sandstone  shows  the  same  continuity 
at  a  higher  horizon,  and  the  strata  at  the  base  of  the  red  rock  are 
almost  or  quite  as  continuous  as  those  at  the  top.  If  the  contact  is 
followed  from  canyon  to  canyon  over  the  intervening  spurs,  the  basal 
ledge  of  the  red  rock  may  frequently  be  seen  for  a  mile  or  more.  In 
almost  all  such  cases  the  continuity  of  the  stratum  at  the  base  is 
noticeable,  although  this  is  not  quite  universal,  as  there  seem  to  be 
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a  few  places  where  the  beds  at  the  base  abut  against  a  low  rise  in  the 
granite  surface.  At  such  places  the  contact  appears  to  shift  to  suc- 
cessively higher  beds  of  the  red  rock. 

DEPOSITION  OF  LYONS  SANDSTONE. 

The  change  which  brought  about  the  deposition  of  the  Lyons  sand- 
stone was  comparatively  abrupt.  Only  a  short  time  after  the  deposi- 
tion of  rough  arkose,  the  sediments  were  composed  of  thoroughly 
assorted  clean-washed  quartz  sand.  The  details  of  structure  also 
changed  to  a  neat  cross  lamination,  producing  flags  of  a  uniform 
thickness  and  large  area.  Most  of  these  flags  which  are  now  exposed 
dip  east  at  a  smaller  angle  than  the  true  bedding;    that  is  to  say, 


FiQ.   6. — Position   of   cross-bedding   of   ttie   Lyons   sandstone.     1.  Lyklns   formation.     2« 
Lyons  sandstone.     3.  Fountain  sandstone. 

if  the  true  beds  were  again  horizontal  the  cross-bedding  would  dip 
west,  or  toward  the  old  shore.     (See  fig.  6.) 

BAYS   AND   BARS. 

The  nature  and  peculiar  bedding  of  these  sediments  indicate  that 
the  shore  line  was  indented  on  the  west  by  a  bay,  and  that  this  bay 
was  spanned  by  a  bar  of  clean  sand — the  formation  known  as  the 
Lyons  sandstone.  Most  of  the  sandstone  now  exposed  was  deposited 
on  the  landward  side  of  the  bar  and  dips  toward  the  land.  The  area 
here  discussed  embraces  parts  of  two  such  bays,  separated  by  a 
salient  point  between  Boulder  and  Gregory  creeks.  (See  fig.  7,  p.  60.) 
In  front  of  this  headland  the  peculiar  sediments  ascribed  to  bar 
building  are  absent. 

Not  only  are  the  bar  sands  absent  from  this  locality,  but  the  head- 
land seems  to  have  been  eroded  and  to  have  furnished  a  part  of  the 
material  for  the  bars.  It  can  not  be  stated  beyond  doubt  that  there 
was  such  erosion,  because,  at  the  place  concerned,  the  upper  beds  of 
the  red  rock  are  poorly  exposed.     It  is  certain  that  just  west  of 


Digitized  by  VjOOQIC 


FiBNNEMAN.l  DEPOSITION   OP  LYONS  SANDSTONE.  59 

Boulder  the  red  rock  is  much  thinner  than  it  is  a  short  distance 
to  the  north  or  south.  From  appearances  it  is  probable  that  this 
decrease  in  the  thickness  of  the  formation  is  due  in  part  at  least 
to  thinning  of  the  individual  beds,  but  it  is  not  plain  that  the  whole 
difference  can  be  thus  accounted  for.  In  so  far  as  the  upper  beds 
fail  to  cross  the  arch,*  it  is  most  consistent  with  the  physical  history 
to  assume  that  they  were  eroded  from  the  headland  which,  without 
doubt,  projected  at  this  point  when  the  bars  of  the  Lyons  sandstone 
were  being  deposited.  Cliff  erosion  on  the  salient  would  certainly 
be  expected  from  the  relative  position  of  the  headland  and  bar. 

These  bays  could  not  have  resulted  from  the  continued  submergence 
of  an  uneven  land  surface.  The  headland  at  Boulder  was  plainly  due 
to  warping  resulting  from  north-south  stress.  It  corresponded  in 
position  to  the  Boulder  arch,  which  has  been  subjected  to  repeated 
upward  warping.  As  the  sediments  became  thinner  at  this  place  and 
as  a  headland  appeared  immediately  after  their  deposition,  while 
sedimentation  continued  to  the  north  and  south,  the  cause  of  all  these 
phenomena  was  no  doubt  crustal  deformation. 

The  conclusion  that  the  Lyons  sandstone  is  the  sediment  of  bars 
rests  finally  upon  the  position  of  its  cross  lamination,  which  in  general 
dips  toward  the  shore.  This  necessitates  either  the  above-stated 
hypothesis  of  bars  or  that  there  was  land  farther  east  from  which 
sediments  were  derived.  The  supposition  that  there  was  land  farther 
east  is  entirely  without  support.  The  hypothesis  that  the  sands  were 
laid  down  in  the  form  of  bars  is  supported  by  the  nature  of  the 
sands  and  by  their  absence  at  the  most  probable  headlands,  from 
which,  in  part,  the  shore  drift  should  have  been  derived. 

It  is  to  be  remarked  that  the  dip  of  the  cross-bedding  at  Gregory 
and  Boulder  canyons,  where  the  formation  abuts  against  the  sup- 
posed headland,  is  away  from  the  mountains.  The  Lyons  sandstones 
exposed  at  Boulder  and  Gregory  canyons  are  in  immediate  contact 
with  the  old  headland,  and  therefore  represent  the  seaward  side  of 
the  bars.  From  the  nature  of  the  contact  of  a  bar  with  the  salient 
from  which  it  springs,  it  is  the  seaward  front  and  not  the  inside  or 
landward  slope  of  the  bar  that  is  tangent  to  the  land.  (See  fig.  7,  p. 
()0.)  Whatever  cross-bedding  existed  on  this  seaward  front  must,  of 
nece^ssity,  have  dipped  seaward.  Therefore  the  relative  eastward 
dip  of  the  cross-bedding  at  these  places  is  in  exact  accord  with  the 
theory  of  the  deposition  of  these  sands  in  the  form  of  bars. 

The  supposition  that  two  bays  were  separated  by  a  salient  between 
Boulder  and  Gregory  creeks  rests  upon  (1)  the  absence  of  bar  sedi- 
ments at  that  point,   (2)   the  probable  erosion  of  the  topmost  red 

«  See  Eldridge,  G.  II..  Ueoloj^y  of  the  Denver  basin :  Mon.  U.  S.  GeoL  Survey,  vol.  27» 
1896,  p.  110. 
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rock,  (3)  the  eastward  dip  of  the  cross-bedding  of  the  beach  sands 
nearest  to  this  point. 


Heaafand  at  Ooataer 
Fio.  7. — Shore  line  during  the  deposition  of  the  Lyons  sandstone. 

From  the  above  reasoning  it  follows  that  the  Lyons  sandstone 
should  be  intermittent  in  its  distribution  alongshore  after  the 
manner  of  bars.  This  is  true.  They  should  also  form  a  relatively 
narrow  reef-like  zone,  and,  if  followed  outward  from  the  old  land, 
the  direction  of  dip  of  the  cross  lamination  should  be  reversed. 
Along  this  line  no  direct  evidence  is  at  hand. 

MIGRATION    OF   BARS. 

A  bar  extending  across  a  bay  retreats  landward  with  the  recession 
of  the  cliff  from  which  it  springs.  This  retreat  is  accompanied  (1) 
by  progressive  deposition  on  the  landward  side  of  a  serie^s  of  layers 
which  dip  toward  the  land,  and  (2)  by  erosion  on  the  seaward  side, 
which  results  in  the  removal  of  the  upper  part  of  layers  previously 
deposited.**  (See  fig.  8.)  The  first  effect  is  exemplified  here 
in  the  prevailing  dip.  The  second  is  beautifully  shown  wherever 
there  is  a  good  contact  between  the  Lyons  sandstone  and  the  next 
higher  formation.  The  bottom  of  the  Lykins  is  occasionally  exposed 
as  a  clearly  defined  surface  against  which  the  clean-cut  flags  abut 
at  an  angle  which  may  reach  36°.     (See  fig.  6,  p.  58.) 


Pio.  8. — Section  of  a  linear  embankment  retreating  landward.     The  dotted  line  shows 
the  orlKinal  position  of  the  crest.      (After  Gilbert.) 

This  process  of  building  bars  of  clean-washed  sand,  which  are 
shifted  gradually  landward  and  truncated,  implies  a  considerable 
stability  of  the  land  with  reference  to  the  sea  level,  though  it  is  not 
prevented  by  moderate  sinking.  In  the  epoch  here  considered,  not 
only  the  well-assorted,  clean-washed,  creamy  sands,  but  also  the  shaly 
sands  which  follow,  indicate  quiet  conditions  and  freedom  from 
crustal  deformation. 

•  Compare  Gilbert,  G.  K.,  Lake  Bonneville :  Mori.  \\  8.  (Jeol.  Survey,  vol.  1,  1H90,  p.  fSH. 
The  conditions  here  described  are  discussed  by  <;ill)ert,  as  exempllBed  In  the  mole  Inclos- 
ing Toronto  Harbor.     Pig.  8  Is  taken  from  this  discussion,  p.  56. 
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LYKINS  SEDIMENTATION. 

While  the  bars  of  Lyons  sands  were  being  truncated  sediments 
could  not  be  deposited  on  the  truncated  base  unless  they  were  coarser 
than  the  sand  which  had  been  removed.  Later,  however,  this  surface 
subsided  to  such  a  depth  that  it  was  buried  by  a  sandy  and  highly 
ferruginous  mud. 

The  deposition  of  the  other  sediments  of  the  Lykins  formation 
i-equired  similar  depth,  and  during  this  time  there  was  nothing 
peculiar  in  the  shore  conditions.  Probably  at  this  time  while  the 
sea  bottom  was  depressed  so  that  mud  was  deposited  in  places  from 
which  sand  had  been  removed,  the  relief  of  the  land  was  reduced, 
and  thus  the  supply  of  coarse  sediment  was  checked.  During  much 
of  Lykins  time  the  sea  was  so  deep  that  ripple  marking  and  cross- 
bedding  did  not  take  place,  but  toward  the  close  both  are  apparent. 

LYKINS  WARPING. 

At  Twomile  Canyon  the  cross-bedding  near  the  top  of  the  series 
again  indicates  deposition  on  the  landward  side  of  a  bar.  It  may 
be  inferred  from  this  that  headlands  were  again  being  eroded,  and 
this  assumption  is  borne  out  by  the  nature  of  the  sediments,  which 
are  coarser  near  the  top.  The  headlands  were  probably  caused  in 
part  by  a  gentle  warping,  which  harmonizes  with  indications  of 
crustal  movement  at  the  close  of  the  Lykins,  which  may  have 
caused  a  slight  unconformity  between  the  rocks  of  this  epoch  and 
those  of  the  Morrison.  The  brown  sandstone  at  the  top  of  the  Lykins 
is  not  of  uniform  thickness.  (See  p.  25.)  The  exceptional  abrupt- 
ness, also,  with  which  at  many  places  the  highly  ocherous  rocks  give 
place  to  the  gray  above,  at  least  raises  the  question  whether  there 
might  not  have  been  a  transitional  stage  whose  record  is  lost.  As 
pointed  out  in  the  description  of  the  stratigraphy,  such  beds,  transi- 
tional in  color  and  texture,  appear  in  a  number  of  places. 

Uplift  of  the  Boulder  arch, — While  clear  and  definite  indica- 
tions of  a  general  unconformity  at  the  top  of  the  Lykins  are  want- 
ing, there  is  decisive  evidence  that  the  Boulder  arch  was  uplifted 
and  eroded.  The  "  crinkled  "  sandstone  approaches  to  within  a  few 
hundred  feet  of  the  south  side  of  Gregory  Canyon,  maintaining  about 
its  usual  distance  above  the. Lyons.  The  same  conditions  are  found 
on  the  north  side  of  Boulder  Creek,  but  for  more  than  half  a  mile 
north  of  Gregory  there  is  no  trace  whatever  of  the  Lykins.  The 
uplift  of  the  fold  north  of  Gregory  Creek  was  almost  equal  to  the 
combined  thicknesses  of  the  Lykins  and  the  Morrison.  The  former 
is  normally  from  600  to  800  feet  thick  and  the  latter  is  not  less  than 
150  feet.  Only  the  topmost  beds  of  the  Morrison  probably  covered 
the  arch  and  are  concealed  beneath  the  talus  of  red  rock. 
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MORRISON  SEDIMENTATION. 

The  Jurassic  in  this  vicinity  is  represented  by  but  one  formation, 
the  Morrison.  The  physical  history  of  the  period  is  not  well  indi- 
cated within  this  area.  Fossils  have  not  been  found  here,  but  those 
collected  at  other  places  show  that  the  water  of  the  Morrison  sea  was 
fresh.  On  the  north  and  south,  therefore,  the  ocean  was  shut  out  by 
land  barriers  extending  east  from  the  mountains  to  other  land  at 
an  unknown  distance.**  At  first  the  Boulder  arch  stood  less  than 
100  feet  above  the  water,  and  its  height  above  the  sea  was  gradually 
reduced  by  subsidence  or  by  a  change  of  the  lake  level.  The  arch  was 
probably  covered  by  the  upper  beds  of  the  Morrison. 

At  a  distance  from  the  vicinity  of  the  Boulder  arch,  the  clays  at  the 
summit  of  the  Jurassic  have  a  nearly  but  not  altogether  constant 
thickness.  If  present  at  all  between  Gregory  and  Boulder  canyons, 
they  are  very  thin.  Erosion  is  plainly  indicated.  The  fresh-water 
lake  gave  way  to  land.  Paleontologic  evidence  taken  from  broader 
areas  indicates  that  this  area  was  land  through  the  whole  of  Low^er 
Cretaceous  time.  The  relief  of  this  land  surface  was  low.  This  is 
inferred  not  only  from  the  fact  that  no  valleys  appear  in  its  present 
buried  surface,  but  also  from  the  nature  of  the  sediments  when  it  was 
again  submerged. 

DAKOTA  SEDIMENTATION. 

At  the  beginning  of  Upper  Cretaceous  time  the  sea  again  covered 
this  region.  The  first  bed  of  sediments  laid  down  contains  much 
sand,  but  consists  largely  of  very  resistant  and  generally  well-rounded 
pebbles  of  quartz,  quartzite,  jasper,  and  chert.  The  selection  and  sep- 
aration of  such  materials  from  the  waste  of  the  previous  land  surface 
are  consistent  with  low  relief  and  deep  weathering. 

These  facts  are  best  explained  by  assuming  that  the.se  residual  peb- 
bles of  very  resistant  minerals  were  embedded  in  the  surficial  deposits 
of  the  submerging  land.  The  soil  sheet  was  worked  over  and 
assorted  by  wave  action  and  these  large  pebbles  deposited  near  shore. 
An  unknown  quantity  of  such  deposits,  brought  down  by  streams  from 
the  land  to  the  west,  is  doubtless  mingled  with  the  material  derived 
from  the  submerging  mantle  rock.  The  finer  and  much  more  abun- 
dant products  of  decomposition  were  necessarily  deposited  farther 
seaward.  According  to  this  explanation  this  conglomerate  is  a  shore 
phase  of  the  lowest  Dakota  beds. 

Mingled  with  the  hard  pebbles  are  occasional  fragments  of  rocks, 
such  as  limestone,  clay,  and  feldspathic  rocks,  that  would  readily 
yield  to  weathering  and  wear.     These  may  have  come  in  part  from 

•  Bmmons  (op.  cit.,  p.  24)  suRsests  that  the  Morrison  lake  may  have  extended  from 
near  the  northern  boundary  of  Colorado  to  the  latitude  of  the  Baton  llllls. 
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cliffs  that  were  cut  from  low  hiUs  of  the  old  land  surface.  They  also 
suggest  what  they  alone  would  not  be  sufficient  to  prove,  namely,  that 
the  oncoming  of  the  sea  was  accompanied  by  some  warping  and  steep- 
ening of  the  land ;  but  of  this  there  is  other  evidence,  as  follows : 

Before  the  close  of  the  Jurassic  the  Boulder  arch  was  covered  by 
sediments,  which  were  not  entirely  eroded  away  during  the  succeed- 
ing land  epoch,  showing  that  the  land  must  have  bt»en  very  near  the 
sea  level.  The  absence  of  the  lowest  Dakota  near  Boulder,  however, 
shows  that  just  before  the  Dakota  sediments  were  laid  down  else- 
where there  was  a  differential  subsidence  amounting  to  a  renewal  of 
deformation  along  the  old  line. 

BENTON  SEDIMENTATION  AND  UPLIFT. 

As  a  result  of  deepening  of  the  sea,  decrease  in  the  relief  of  the  land^ 
and  gradual  removal  of  the  shore,  the  Dakota  sands  were  followed  by 
the  Benton  shales,  not  suddenly,  but  after  some  alternation  of  sedi- 
ments. The  arching  was  again  strongly  renewed,  this  time  between 
Sunshine  and  Boulder  canyons.  Erosion  cut  away  the  entire  Dakota, 
but  there  is  nothing  to  show  .whether  the  Jucassic  was  further  wasted. 
The  uplift  remained  above  water  until  very  near  the  close  of  the  Ben- 
ton epoch.  Only  the  very  latest  l)eds  of  the  Benton  are  continuous 
over  it.  The  amount  of  uplifting  at  this  time  was  therefore  approxi- 
mately equal  to  the  combined  thickness  of  the  Dakota  and  Benton. 
The  average  thickness  of  these  formations  north  and  south  of  Boulder 
is  not  less  than  700  feet. 

NIOBRARA  SEDIMENTATION. 

The  deposition  of  the  Niobrara  was  not  accompanied  by  note- 
worthy physical  conditions,  except  those  attributable  to  diminishing 
sediment,  removal  of  shore,  or  deepening  water.  There  is  no  evidence 
in  this  area  of  any  disturbance  at  its  close. 

PIERRE  SEDIMENTATION  AND  FOLDING. 

As  a  single  mass  of  shale,  the  Pierre  is  extraordinary  on  account 
of  its  great  extent  and  thickness.  A  discussion  of  the  factors  ade- 
quate to  produce  these  results  would  not  be  possible  from  observations 
in  this  small  area.  It  is  safe  to  assume  that  during  Pierre  time  there 
was  a  steadily  sinking  sea  bottom  and  a  steadily  rising  land  that 
had  a  relief  sufficiently  low  to  allow  thorough  decomposition.  The 
sinking  area  on  the  east  and  the  rising  area  on  the  west  were  neces- 
sarily separated  by  a  monoclinal  fold  of  increasing  height.  It  is 
highly  probable  that  this  fold  lay  along  the  line  of  the  present  foot- 
hill belt  and  that  although  its  dip  was  more  gentle  than  that  of  the 
present  great  monocline  it  determined  the  line  along  which  the  forces 
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of  mountain  making  later  gave  form  to  the  steep  monocline  which 
now  follows  the  eastern  border  of  the  Archean  belt. 

The  record  of  changes  on  the  Boulder  arch  continues  legible  dur- 
ing a  considerable  fraction  of  Pierre  time.  The  arch  continued  to 
rise  relatively — ^that  is,  it  sank  less  rapidly  than  the  adjacent  areas. 
This  is  shown  by  the  position  of  the  Hygiene  sandstone.  At  Boulder 
this  stratum  is  separated  from  the  Niobrara  by  barely  1,000  feet  of 
Pierre  shale.  Five  miles  farther  north  the  same  shales  are  3,000 
feet  thick,  showing  a  relative  rise  of  the  Boulder  arch  amounting  to 
2,000  feet  during  the  first  half  of  the  Pierre  epoch.  The  record  of 
the  latter  half  of  Pierre  time  is  not  clear,  because  there  are  not 
enough  outcrops  to  allow  satisfactory  determinations  of  thickness 
over  the  Boulder  arch.  The  shale-making  conditions  were  not  uni- 
form throughout  the  epoch.  The  deposit  of  so  thick  and  continuous 
a  sandy  stratum  as  the  Hygiene  sandstone  probably  indicates  a  tem- 
porary dominance  of  the  uplifting  forces  over  subsidence. 

FOX  HILLS  SEDIMENTATION  AND  LARAMIE  UPLIFT. 

There  were  no  noteworthy  physical  changes  at  the  beginning  of  or 
during  the  Fox  Hills  epoch,  except  variations  similar  to  those  which 
occasioned  the  sandy  layers  in  the  Pierre.  The  Laramie  indicates  a 
general  uplift,  both  by  the  coarser  character  of  its  sediments  and  by 
its  beds  of  coal. 

SUMMARY  OF  HISTORY  OF  THE  BOULDER  ARCH. 

With  the  exception  of  the  growing  monocline  which  separated  the 
sinking  sea  bottom  on  the  east  from  the  rising  land  on  the  west,  the 
Boulder  arch  is  the  index  of  all  the  crustal  deformation  definitely 
recognized  as  occurring  in  this  area  before  the  Rocky  Mountains  were 
*  formed.  It  is  noteworthy  that  the  forces  which  caused  it  acted  in 
a  north-south  direction.  In  the  later  deformations  east-west  forces 
were  completely  dominant. 

From  the  evidence  given  above,  the  successive  rises  of  this  east- west 
anticline  may  be  summarized  as  follows:  During  the  Boulder  and 
Lyons  epochs  there  was  a  rise  which  may  have  reached  the  maximum 
limit  of  1,000  feet.  (See  p.  55.)  The  axis  of  this  movement  was  south 
of  Boulder  Creek.  At  the  close  of  the  Lykins  there  was  a  further  ele- 
vation, approximating  850  feet.  (See  p.  61.)  In  the  interval  between 
Jurassic  and  Dakota  there  was  a  relative  elevation  whose  minimum 
may  be  placed  at  25  feet.  The  uplift  at  this  time  may  have  been  broad, 
extending  from  south  of  Gregory  Creek  to  a  mile  north  of  Sunshine 
Canyon.  At  the  close  of  the  Dakota  the  minimum  uplift  was  700 
feet  along  an  axis  between  Sunshine  and  Boulder  creeks.  In  the 
first  half  of  the  Pierre  epoch  the  further  rise  amounted  to  2,000  feet. 
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Maxima  are  given  in  some  cases,  and  minima  in  others,  but  the  sum 
of  all  the  above  amounts,  which  is  4,575  feet,  may  be  taken  as  an 
approximation  to  the  total  elevation  of  this  anticline. 

An  examination  of  the  geologic  map  shows  that  there  has  been 
a  great  depression  of  the  Boulder  arch  since  the  formation  of  the 
Hygiene  sandstone.  If  the  strata  of  the  foothills  and  the  plains 
were  now  deprived  of  their  eastward  dip,  the  upper  beds  would 
show  a  pronounced  east-west  syncline  on  the  site  of  the  former  anti- 
cline. Even  in  the  lower  beds  little  of  the  former  east-west  anticline 
remains.  Since  the  Hygiene  sandstone  is  the  youngest  formation  that 
gives  evidence  concerning  the  age  of  Boulder  arch,  the  date  of  this 
flattening  can  not  be  fixed  within  narrow  limits.  A  similar  arch, 
stretching  eastward  from  Golden,  about  17  miles  to  the  south,  can  be 
studied  in  more  detail,  because  of  the  presence  of  younger  strata. 
Emmons"  and  Eldridge  ^  held  that  the  flattening  of  the  Golden  arch 
may  have  occurred  in  Denver  time,  and  perhaps  was  due  in  part  to 
the  extravasation  of  basalt  along  the  line  of  the  old  anticline.  The 
two  arches  had  almost  the  same  history,  and  the  sites  of  both  are 
marked  by  volcanic  extrusions.  Cross  assigns  the  eruptions  to  the 
same  epoch.  Whatever  causal  relation  exists  between  the  extrusions 
near  Golden  and  the  flattening  of  the  Golden  arch  may  also  be 
assumed  to  exist  between  the  Valmont  dike  and  the  depression  of  the 
Boulder  arch. 

POST-LARAMIE  HISTORY. 

Post -Laramie  history  is  recorded  in  the  deformations  incident  to 
mountain  making  and  in  the  forms  due  to  erosion.  The  time  of  most 
of  the  events  can  not  be  accurately  determined  by  local  evidences. 

Topographic  features  due  to  erosion  are  presumably  in  the  main 
Quaternary.  They  indicate  continuous  degradation  that  has  re- 
sulted in  a  series  of  river  terraces.  With  the  exception  of  the  small 
fragments  of  the  loess  sheet  (see  p.  35)  and  a  few  isolated  alluvial 
fans,  there  are  no  fluviatile  deposits  except  those  left  by  degrading 
streams.  There  is  no  broad  sheet,  such  as  that  of  the  High  Plains,*' 
implying  an  epoch  of  stream  aggradation.  Everywhere  the  stratified 
rocks  of  this  margin  of  the  plains  have  been  neatly  pared  ofl^  by  mean- 
dering streams.  The  sheets  of  gravel  which  cover  the  planed  surfaces 
are  such  as  dow^n-cutting  streams  should  l)e  expected  to  leave. 

«  Mon.  v.  S.  (;eoI.  Survey,  vol.  27,  p.  50. 

•  Id.,  p.  100. 

*  Johnson.  W.  !>.,  The  HIjfh  Plains  and  their  iitlllEatloo  :  Twenty-first  Ann.  Kept.  II.  S. 
(Jeol.  Survey,  U)01,  pp.  Or)l-(556 

Bull.  20.5—05  M 5 
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No  features  in  this  area  require  for  their  formation  streams  larger 
than  the  present  ones.  The  present  Boulder  Creek  is  a  degrading 
stream,  with  moderate  meanders  and  a  broad  flood  plain  sloping 
toward  the  stream.  Where  it  reaches  the  bluffs  which  front  its  ter- 
races the  river  is  cutting  into  the  bed  rock  and  planing  off  a  surface 
on  a  level  with  the  bottom  of  its  channel.  On  this  planed  surface  it  is 
depositing  a  sheet  of  heavy  gravel  and  finer  alluvium,  similar  both  in 
character  and  thickness  to  the  sheets  which  everywhere  cover  the 
mesas  and  other  terraces.  (For  a  more  explicit  comparison  see  p. 
14.)  That  the  streams  which  caused  the  present  plains  topography 
were  degrading  their  channels  is  plainly  shown  by  two  facts:  (1) 
The  debris  sheets  have  a  uniformly  limited  thickness,  and  (2)  the  ter- 
races always  slope  toward  the  streams  to  which  they  were  floml  plains. 
This  continuity  in  the  cutting  by  the  streams  gives  to  the  erosional 
history  of  the  district  a  unity  which  makes  subdivision  impracticable. 

This  uniformity  of  erosional  history  near  the  foot  of  the  moun- 
tains is  in  contrast  with  the  more  complex  history  of  the  plains  far- 
ther east,"  where  the  denuding  processes  have  plainly  been  inter- 
rupted by  aggradation  one  or  more  times.  The  obvious  inference  is 
that  the  entire  recorded  erosional  history  of  this  narrow  l)elt  must  be 
matched  with  the  last  epoch  recorded  on  the  plains,  which  is  one  of 
stream  degradations.^ 

It  is  entirely  natural  that  when  the  character  of  streams  is  changed, 
whether  from  aggrading  to  degrading,  or  the  reverse,  the  belt  nearest 
the  mountains  should  be  the  first  to  suffer  complete  obliteration  of  the 
records  of  former  conditions.  The  rivers  may  recently  have  acquired 
increased  cutting  power  by  an  uplift  on  the  west  that  increased  their 
grade,  or  by  an  increase  of  rainfall,  or,  as  Johnson  suggests,  by  a 
mere  cooling  of  the  climate,  which  would  decrease  evaporation.  In 
any  case  the  upper  course  must  first  l)e  cut  down  and  in  this  the 
records  of  former  aggradation  will  first  l)e  erased.  If  the  change 
of  stream  habit  be  the  reverse,  the  prompt  burial  of  features  near 
the  mountains  is  equally  well  underst(M>d.  If  the  climate  is  mod- 
erately arid,  as  in  the  area  under  consideration,  there  is  an  additional 
reason  for  the  prompt  erasure  of  aggradation  records  near  the  moun- 
tains, as  running  water  is  more  abundant  there,  many  streams  actually 
losing  volume  as  they  proceed. 

"  JohnHon.  W.  D..  op.  cit.,  p.  628 ;  also  Emmons,  S.  F.,  op.  cit.,  p.  255. 

*  As  to  the  Beolopic  data  of  this  epoch  .Tohnson  says  (op.  cit.,  p.  630)  :  "The  beglnnlD}; 
of  the  flnal  and  present  degradation,  during  which  the  smoothness  of  the  Great  Plains 
Itns  l)een  In  large  part  destroyed  and  their  surface  lowered,  with  the  exception  of  the  sod 
covered  plateaus  of  the  central  zone,  doubtless  dates  from  the  opening  of  that  period  of 
climatic  oscillations  In  the  Pleistocene  whlcl».  In  the  (ireat  Basin  region  of  Utah  and 
Nevada,  gave  rise  to  re|)€ated  tloodings  of  large  areas  and  the  creation  of  lakes." 
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ECONOMIC  (iEOLOGY. 

WATER. 
SURFACE   ZONE. 

Ground  water  in  the  area  under  consideration  is  found  at  moderate 
depths.  Over  the  well-drained  parts  of  the  plains  it  is  commonly 
encountered  at  depths  of  from  10  to  20  feet.  Since  the  bed  rock  is  in 
large  part  relatively  impervious  shale,  the  slope  of  the  ground-water 
surface  is  very  similar  to  the  slope  of  the  ground.  One  bluff  40  feet 
high  is  quite  dry  at  the  base,  but  on  the  terrace  above,  less  than  200 
feet  from  the  bluff,  water  is  found  at  a  depth  of  12  feet.  The  surface 
shales  are  everywhere  more  permeable  than  the  unweathered  rock 
Mow,  and  the  movement  of  water  in  them  is  freer  than  at  greater 
depths.  In  drilling  oil  wells,  therefore,  it  is  found  necessary  to 
case  off  this  surface  water. 

DEEPER   ZONE. 

Below  this  superficial  zone,  which  is  25  to  50  feet  thick,  the  shale 
is  so  dense  and  the  conseciuent  movement  of  the  water  so  slow  that 
wells  are  spoken  of  as  '^  dry."  At  irregular  intervals  within  the 
shales,  as  deep  as  the  formation  has  l)een  explored  in  drilling  for  oil, 
are  sandier  beds  of  limited  lateral  extent.  In  these  the  movement 
of  the  water  is  more  rapid,  and  after  drilling  through  them  it  is 
sometimes  necessary  to  case  off  the  water  from  these  deeper  sources. 
When  the  character  of  the  water  is  suitable,  these  beds  might  afford 
supplies  for  deep  wells,  but  the  water  is  not  infrequently  slightly 
saline,  and  it  may  be  a  brine.  Flowing  wells  are  not  obtained  from 
these  sources  in  the  Pierre  shales,  nor  are  they  expected,  on  account 
of  the  limited  lateral  extent  of  the  sands  and  their  close  texture  where 
unweathered. 

FLOWING    WELLS. 

South  of  Burnt  Knoll,  about  (>  miles  southeast  of  Boulder,  a  faint 
flow  of  water  was  obtained  from  the  Laramie  at  a  depth  of  80  feet. 
A  similar  flow  was  obtained  at  Lafayette,  11  miles  east  of  the  foot- 
hills, at  various  depths  between  400  and  700  feet.  It  was  encoun- 
tered while  drilling  for  oil. 

At  the  north  end  of  the  field  the  Stuart  well,  drilled  for  oil, 
encountered  abundant  water  in  the  Morrison  formation.  At  last 
accounts  (April,  1904)  the  well  was  still  flowing.  It  is  located  on 
the  Pierre. shales,  one-half  mile  east  of  the  Dakota  outcrop  (SW.  J 
of  sc^c.  5,  T.  2  N.,  R.  70  W.).  The  dip  of  the  beds  at  the  surface  is 
here  26°.     The  succession  of  strata  passed  through  leaves  no  doubt 
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that  the  Morrison  was  encountered  at  a  depth  of  1,336  feet.  If  all 
the  beds  passed  through  dip  at  an  angle  of  26°  and  have  the  thickness 
given  above,  under  the  heading  "Stratigraphy"  (pp.  20  et  seq.), 
the  Morrison  should  have  been  found  at  a  somewhat  greater  depth 
than  1,336  feet.  Probably  at  a  short  distance  below  the  surfact^ 
the  dip  is  less  than  at  the  surface,  where  it  has  been  steepened 
by  the  process  described  above  as  tending  to  produce  a  fan  struc- 
ture. The  water  is  from  a  horizon  about  60  feet  below  the  top 
of  the  Morrison;  it  is  therefore  from  one  of  the  upper  beds,  prob- 
ably from  the  ''  Saurian  "  sandstone.  This  supposition  is  supported 
by  the  fact  that  the  water  comes  from  yellow  sand.  Presumably 
the  lower  and  larger  Morrison  sandstones,  and  especially  the  basal 
stratum,  would  'yield  water  still  more  copiously.  This  assumption 
is  supported  by  observations  on  the  small  stream  flowing  east  over 
the  Lykins  and  Morrison  outcrops  in  Lykins  Canyon.  The  channel 
when  examined  was  dry  as  far  as  the  outcrop  of  the  Morrison.  At 
this  point  water  appeared  within  a  few  yards  and  there  was  a  flow^- 
ing  stream.  No  well,  however,  has  reached  these  lower  beds,  the 
Stuart  l>eing  the  only  one  which  is  known  to  have  entered  the 
Dakota.  The  high  dip  of  the  strata  makes  it  impracticable  to  obtain 
water  from  even  the  l)est  beds  of  the  Morrison  except  within  a  nar- 
row strip  east  of  the  foothills. 

WATER   IN    THE   DAKOTA. 

Water  was  obtained  in  the  Stuart  well  from  the  Dakota,  but  not 
in  amount  to  be  compared  with  that  from  the  Morrison.  The  rela- 
tions of  the  Dakota  are  not  favorable  to  any  great  water  supply  for 
northern  Colorado.  The  hardness  of  the  formation  causers  it  to 
outcrop  in  a  single  rocky  ridge,  which  quickly  sheds  the  precipita- 
tion and  is  unfavorable  to  percolation.  True,  the  outcrop  is  crossed 
by  streams  flowing  from  the  mountains,  but  even  this  intake  must 
yield  a  small  supply  on  account  of  its  extremely  restricted  area. 
Moreover,  the  Dakota  sandstone  is  practically  sealed  l>elow  by  rela- 
tively impervious  shales  and  clays,  and  therefore  can  not  recx^ive 
nnich  of  the  water  that  penetrates  the  lower  strata  whirh  outcrop 
west  of  the  Dakota  hogback.  If  the  Dakota  of  northern  Colorado 
l)e  compared  in  these  various  resj)ects  with  other  well-known  water- 
lK»aring  strata — for  example,  the  Potsdam  of  central  Wisconsin,  or 
even  the  Dakota  sandstone  of  the  Black  Hills — its  area  of  intake 
will  he  seen  to  be  very  small  and  topographically  unfavorable  to 
[>ercolation.  The  slow  inflow  into  the  Stuart  well  from  this  for- 
mation also  indicates  that  it  is  dens(»r  than  the  sandstones  of  the 
Morrison.  The  Morrison  sandst<mes,  though  nmch  thinner  than 
the  Dakota,  outcrop  in  a  valley,  or  on  the  western  slope  of  the  great 
ridge  of  which  the  Dakota  forms  the  crest.     In  either  case  their 
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edges  are  generally  covered  with  a  sheet  of  loose  waste,  favorable  to 
percolation. 

BUILDING  STONE. 

In  the  matter  of  building  stone  the  area  here  described  is  typical 
of  a  much  longer  stretch  of  the  foothill  belt  of  which  it  forms  a 
part.  Most  of  the  formations  yield  valuable  economic  products, 
the  building  stone  coming  mainly  from  strata  not  younger  than 
Jurassic. 

GRANITE. 

Within  the  area  mapped  granite  has  not  yet  been  quarried  or 
even  studied  with  reference  to  its  use  as  building  stone.  Apparently, 
however,  the  area  may  furnish  granite  for  architectural  purposes 
of  suitable  grain,  color,  strength,  and  size  of  block. 

THE   RED   ROCK. 

The  great  mass  of  the  Fountain  red  rock  is  not  appropriate  to 
building  purposes.  Locally,  however,  there  are,  near  its  summit, 
beds  of  the  finest  quality  of  structural  stone.  One-fourth  mile 
north  of  Fourmile  Canyon  a  quarry  has  rec*ently  been  opened  at  this 
horizon  to  supply  material  for  the  new  Episcopal  Church  at  Boulder. 
In  contrast  with  the  prevailing  arkose  character  of  the  Fountain, 
these  exceptional  beds  are  even-grained,  quartz  sands,  containing 
only  here  and  there  minute  grains  of  feldspar.  Biotite  scales  are 
rather  plentiful,  and  are  arranged  parallel  to  the  bedding,  so  that 
transverse  faces  show  only  very  minute  black  lines,  which  are  not 
sufficiently  prominent  to  indicate  the  position  of  the  bedding  except 
by  very  close  examination.  The  stone  is  of  a  light  pink  color,  which 
runs  uniform  so  far  as  the  quarry  referred  to  has  been  worked. 
Except  in  the  biotite,  all  the  contained  iron  is  supposably  in  the 
peroxide  form,  and  the  stone  contains  nothing  to  cause  a  stain  upon 
exposure  to  the  weather.  The  stone  is  massive  and  must  l)e  dressed 
on  all  sides  of  the  block.  Blocks  which  dress  2  or  3  cubic  feet  are 
frequent.  The  strength  has  not  l)een  tested,  but  there  is  no  doubt 
an  ample  margin  beyond  the  needs  for  all  ordinary  building  pur- 
poses. 

LYONS   SANDSTONE. 

This  is  by  far  the  most  abundant  rock  of  economic  importance 
within  the  area  described,  and  probably  wnthin  the  foothill  belt  north 
of  Denver.  The  name  "  creamy  '"  sandstone,  which  is  often  applied 
to  it,  is  unfortunate,  for  it  is  distinctly  pink.     It  varies  somewhat  in 
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color,  however,  and  at  one  extreme  it  may  reach  an  ahnost  creamy 
tint,  while  at  the  other  it  may  Ik»  red.  Still,  the  great  mass  is  so 
nniform  that  stone  from  many  (juarries  might  easily  1h»  uschI  in  one 
bnilding.  The  standard  color  of  this  stone  has  more  of  the  creamy 
arfd  less  of  the  vermilion  tint  than  that  of  the  rock  quarried  from 
the  Fountain  sandstone.  It  does  not  develop  any  discoloration  in 
the  wall. 

In  composition  the  stone  is  of  the  purest  even-grained  quartz 
sand,  its  siliceous  cement  deriving  its  color  from  ferric  iron.  The 
cement  is  so  abundant  as  to  make  the  stone  quartzitic,  and  it  is  known 
in  the  trade  as  a  crystalline  sandstone. 

The  distinguishing  feature  of  the  structure  of  this  stone  is  its 
delicate  lamination  and  perfect  partings  in  the  quarry.  Fifty  lami- 
nations to  the  inch  may  sometimes  l)e  readily  distinguished,  but  at 
a  distance  of  a  few  feet  the  lines  are  invisible  and  the  stone  has  a 
uniform  tint.  Occasional  stronger  lines  may  make  the  lamination 
more  prominent. 

In  the  quarry  the  stone  parts  perfectly  into  thicknesses  varying 
from  a  fraction  of  an  inch  to  more  than  a  foot.  Flagstones  of  con- 
venient thickness  and  having  as  much  as  00  or  even  80  square  feet 
of  surface  may  l)e  obtained.  The  flagstcme  industry  has  its  center 
at  Lyons,  alwut  8  miles  north  of  this  area.  Near  Boulder  the  thick- 
ness of  the  beds  is  generally  greater,  and  the  stone  is  commonly  quar- 
ried for  building.  The  blocks  for  this  i)urpose  may  be'  as  thick  as 
15  inches,  but  the  average  is  probably  not  above  8  inches.  As  the 
Innlding  planes  are  perfectly  smooth  and  parallel,  the  blocks  require 
dressing  on  four  sides  only.  Both  the  convenience  and  the  strength 
of  this  stone  cause  its  general  use  in  foundations  in  the  near-by 
towns  and  cities.  It  is  also  used  for  the  superstructure  in  some 
large  and  handsome  buildings.  The  stone  is  likewise  in  common  use 
for  sills  and  curbings.  As  pointed  out  on  page  24,  the  lx»dding  planes 
obs(»rved  in  nearly  all  quarries  of  the  Lyons  sandstone  are  those  of 
the  cross- l)ed ding,  having  had  a  dip  toward  the  shore  on  the  west 
when  deposited. 

The  amount  of  this  stone  in  northern  (^olorado  is  enormous.  If  its 
workable  thickness  in  this  area  averages  50  feet  and  if  quarries  lie 
worked  100  feet  down  the  dip  of  the  stratum,  each  linear  mile  of  the 
foothill  iH^lt  would  yield  1,000,000  cubic  yards  of  stone. 

RED    SANDSTONE   OF   THE    LYKINS. 

Stone  from  this  series  of  beds  is  not  quarried  in  this  area.  At  a 
few  places  the  Lykins  yields  a  very  fine-grained  and  close-textured 
red  sandstone,  easily  worked  and  readily  obtained  in  large  blwks. 
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The  same  stone  occurs  abundantly  within  this  area,  but,  whether  from 
the  repeated  warping  of  the  Bouhler  arch  or  from  the  diagonal  com- 
pression resulting  in  the  echelon  folds,  it  is  too  much  fractured  to  Iw 
obtained  in  large  blocks.  This  is  the  case  at  each  of  the  few  places 
where  it  has  been  prospected. 

WHITE  SANDSTONE  OF  THE  JURASSIC. 

The  chief  quarry  opened  in  the  lowest  Morrison  sandstone  stratum 
is  known  by  the  name  of  Doctor  Bond.  The  product  of  this  quarry 
is  a  slightly  calcareous  sandstone  of  moderate  strength,  of  a  gray 
color,  inclining  toward  yellow  rather  than  blue,  and  having  no  lami- 
nation or  subordinate  bedding  planes  within  a  10-foot  stratum.  It  is 
not  always  free  from  iron  stains,  which  may  appear  in  the  quarry  or 
may  develop  after  building  into  the  wall.  Large  dimension  stones 
are  readily  taken  out  and  easily  worked.  The  bed  in  which  this  one 
quarry  is  opened  has  a  fairly  uniform  thickness  and  character  for 
many  miles.  It  is  probable  that  in  the  future  this  stone  will  be  quar- 
ried much  more  extensively. 

BUIIJ3ING    S1X)NES    FROM    THE    CRETACEOUS. 

But  little  stone  is  quarried  from  strata  younger  than  Jurassic.  The 
Dakota  is  very  strong,  but  difficult  to  work,  the  blocks  generally 
requiring  dressing  on  all  sides.  Within  this  area  it  need  scarcely  be 
taken  into  account,  as  it  is  accompanied  by  other  formations  contain- 
ing such  vast  stores  of  more  desirable  material. 

The  massive  summit  sandstone  of  the  Fox  Hills  is  quarried  in 
considerable  quantity  farther  north.  It  is  but  little  exposed  within 
this  area,  and  where  found  it  is  conunonly  too  weak  for  structural 
purposes.  Beyond  the  eastern  border  of  the  area  it  is  not  improbable 
that  this  stone  will  be  found  locally  of  fair  quality. 

The  white  sandstone  of- the  Laramie  can  scarcely  be  called  a  com- 
mercial product.  It  is  present  in  great  quantities  and  easily  taken 
out  and  worked  in  blocks  of  large  dimensions,  and  a  few  houses  have 
l)een  built  of  it.  Its  strength,  however,  is  small,  and  it  is  much  stained 
with  iron. 

GRINDSTONE. 

The  white  sandstone  at  the  base  of  the  Morrison,'  which  is  used 
for  building  purposes  as  described  above,  is  locally  used  for  grind- 
Ftone  and  enjoys  considerable  favor.  About  a  mile  north  of  Altona 
a  quarry,  known  as  the  "  Grindstone  quarry,"  has  been  opened  by 
Peter  Haldi,  of  Altona.    The  few  grindstones  from  this  source  which 
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are  in  regular  use  have  been  dressed  by  hand.  To  all  appearances 
they  are  doing  their  work  in  a  highly  satisfactory  manner.  The 
grain  is  fairly  sharp,  the-cement  is  very  slightly  calcareous,  and  the 
stone  is  easily  dressed.  Several  much-used  surfaces  seemed  to  l)e 
clogged  with  the  muddy  products  of  the  abrasion  of  the  stone  itself, 
but  the  users  maintain  that  such  an  occurrence  is  the  I'esult  of 
improper  use.  The  crude  methods  of  quarrying  have  produced 
rather  small  and  ill-shaped  blocks,  but,  judging  from  the  same 
stratum  where  quarried  for  building  purposes,  this  does  not  indicate 
any  fault  in  the  stone  itself.  Suitable  shapes  and  sizes  can  no  doubt 
be  easily  obtained. 

LIMB. 

The  production  of  quicklime  is  carried  on  to  a  limited  extent. 
The  stone  used  is  mainly  from  the  basal  stratum  of  the  Niobrara. 
At  various  places  also  the  limestone  lenses  of  the  "  crinkled  "  sand- 
stone in  the  Lykins  have  been  utilized;  occasionally  also  the  beds  in 
the  Morrison.  The  limestone  of  the  Niobrara  is  highly  magnesian  *» 
and  very  dense.  On  account  of  its  density  it  does  not  calcine  very 
readily  and  the  large  percentage  of  magnesia  makes  a  "  cool  "  lime. 

CLAYS. . 

OPPORTUNITIES    Vim   THE   BRICK   INDUSTRY. 

The  brick  industry  at  Boulder  is  already  large  and  there  is  no 
necessary  limit  to  its  expansion,  except  the  size  of  the  market,  the 
raw  material  being  presumably  inexhaustible.  It  appeal's,  however, 
that  the  Pierre  shale,  which  is  the  chief  resource  for  red  brick,  is  not 
entirely  uniform  in  its  brick-making  properties.  Yards  within  the 
limits  of  Boulder  produce  bricks  differing  in  shrinkage,  density,  and 
strength.  As  the  surficial  aspect  of  the  Pierre  shales  is  highly 
uniform  for  long  distances,  it  is  very  probable  that  laboratory  tests 
will  come  into  general  use  in  the  locating  of  yards  as  the  industry 
expands. 

Red  brick  must  always  constitute  the  chief  product  of  the  clay 
industry.  Three  plants,  each  with  a  capacity  of  20,000  bricks  a  day, 
are  operating  steadily  at  substantially  full  capacity.  These  are  all 
using  the  Pierre  shale  and  are  practically  within  the  city  of  Boulder. 
The  Benton  has  not  been  used.  At  present  all  the  pits  ai'e  on  mesa 
edges,  the  mesa  in  each  case  l)eing  from  30  to  50  feet  higher  than  the 
adjacent  lowland.     While  such  a  situation  may  be  desirable  from 

•  An  analysis  of  Niobrara  limestone  is  given  by  Eldridj^e,  op.  cit,  p.  G7.  It  shows 
18.03  per  cent  MgO. 
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the  standpoint  of  moisture  conditions,  it  is  mainly  a  matter  of  con- 
venience, and  must  not  be  understood  to  be  necessary.  There  is 
nothing  to  bar  from  future  use  any  part  of  the  shales  of  the  Pierre 
belt  as  shown  on  the  map. 

SHALE   SUPPLY. 


Throughout  the  belt  underlain  by  the  Pierre,  though  the  normal 
color  varies,  the  surficial  zone  shows  almost  the  same  greenish-drab 
color.     This  ends  abruptly  at  a  depth  of  80  feet,  more  or  less.     In 
the  b 
large 
creti( 
parti 
shale 
teeth 
A 
Prof. 
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An  analysis  of  a  single  selected  lump  (not  a  mixed  sample)  of  the 
shale  from  Mr.  Lee's  yard,  made  by  Mr.  W.  B.  Stoddard,  of  Boulder, 
and  furnished  by  Mr.  Lee,  is  as  follows: 

Analyfiis  of  tthale  from  Lee  yard,  Boulder. 

Per  cent. 

SiOs a^:v)i) 

AUO, , 14.  :580 

F02O, a  270 

FeO .859 

CaO :_     1.810 

MgO 1 2.570 

Na^O 2. 190 

K/) 1.280 

Loss  hy  (Iryinj; 2.053 

Loss  by   ignition 5.223 

99.944 
PROCESSES   OF    BRICK    MANUFACTURE. 

The  material  is  first  loosened  by  blasting.  Concretions  are  thrown 
out,  chiefly  to  save  wear  in  the  crusher.  The}^  are  said  to  l>e  harmless 
in  the  brick  if  crushed  sufficiently  fine.  In  one  of  the  three  pits  the 
black  shale  below  is  not  reached.  In  another  it  is  reached  at  the 
lK)ttom,  but  not  used.  At  the  Austin  works,  on  the  north  side  of  the 
city  of  Boulder,  it  is  taken  out  and  used  along  with  the  shale  of  the 
higher  zone.  It  is  harder,  drier,  and  less  plastic,  and  is  therefore 
mixed  with  the  partly  weathered  material.  When  thus  mixed,  no 
difference  in  the  resulting  brick  can  be  detected,  and  there  is  no  incon- 
venience in  the  manufacture.  If  properly  ground,  the  unweathered 
black  shale  may  be  mixed  with  the  weathered  shale  in  equal  parts. 
The  blasting  of  this  fresher  shale  in  the  autumn  and  its  weathering 
or  shicking  through  the  winter  has  been  tried,  but  no  notable  differ- 
ence was  i)ro(luced. 

The  shale  is  crushed,  screened,  and  pressed  dry.  Generally  the 
moisture  of  the  bank  is  sufficient  for  the  pressing  process.  AVhen  the 
shale  is  too  dry  it  is  moistened  in  the  crusher.  No  mud  bricks  are 
made. 

The  burning  is  in  up-draft  kilns,  which  generally  have  permanent 
walls  for  two-thirds  or  three-fourths  of  the  height.  One-half  to  t\yo- 
thirds  ton  of  local  (Marshall  or  Louisville)  coal  per  1,000  bricks  is 
used  in  the  burning.  Mr.  Austin  has  installed  a  gas  plant,  and  the 
project  of  burning  with  gas  may  be  said  to  be  on  trial. 

The  shrinkage  in  both  drying  and  burning  of  the  best  and. strongest 
samples  tested  was  but  one-sixteenth  inch  in  the  height  of  the  brick 
(4  inches),  or  less  than  3  inches  in  the  height  of  the  kiln.  Either  by 
reason  of  difference  in  the  day  or  in  the  burning,  this  shrinkage 
varies  at  other  yards  to  a  maximum  of  three-sixteenths  of  an  inch  per 
brick,  or  7J  inches  in  a  kiln  40  bricks  high. 
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Ql  ALITY    OF   THE    liRlCK. 

Standard  tests  made*  ujxm  the  red  bricks  by  Prof.  L.  Duncan,  of  the 
University  of  CoK)rado,  show  an  average  crushing  strength  for  the 
best  brick  equal  to  4,100  pounds  per  square  inch."  Supported  at  the 
ends  (supports  0  inches  apart)  and  loaded  at  the  center,  the  same 
bricks  showed  a  maximum  fiber  stress  of  408  pounds  per  square  inch. 
The  same  bricks  absorbed  water  equal  to  11.2  per  cent  of  their  weight 
in  fifteen  minutes,  ll.G  per  cent  in  thirty  minutes,  and  11.9  per  cent 
in  twenty-four  hours.  The  promptness  with  which  these  bricks 
absorl>ed  nearly  the  whole  amount  of  water  which  they  were  capable 
of  containing  indicates  largeness  of  the  individual  pores.  The  more 
rapidly  water  is  absorbed,  the  more  rapidly  it  is  lost,  and  the  prob- 
ability that  a  sudden  freeze  should  find  the  pores  of  these  bricks 
filled  with  water  is  very  small.  This  statement  does  not  apply  to 
bricks  laid  l>elow  the  water  line.^' 

No  attempt  has  l>een  nuide  to  make  vitrified  brick  on  a  com- 
mercial scale  at  the  Boidder  yards.  Experiments  have  been  carried 
on  in  this  line,  and  a  very  good  brick  resulted,  but  the  shrinkage  was 
great.  In  two  tests  it  was  seven-sixteenths  inch  and  one-half  inch 
in  the  height  of  the  brick  (4  inches). 

BRICKS   OF    LK.HT   (•OU)R. 

For  several  years  past  small  quantities  of  light  brick  of  a  prevail- 
ing creamy  color  have  lx*en  burned  at  the  Boulder  yards  from  clay 
brought  by  wagcm  from  the  coal-mining  districts  to  the  southeast. 
The  first  clay  for  this  purpose  was  brought  from  Coal  Creek.  The 
largest  amount  has  come  from  an  abandoned  coal  mine  at  Marshall, 
from  8  to  4  feet  of  the  clay  being  taken  from  the  floor  of  the  mine. 
More  recently  a  number  of  samples  from  near  Burnt  Knoll  have  been 
tested,  and  encouraging  results  are  reported. 

Tests  of  light  bricks  from  the  Marshall  day  gave  a  crushing 
strength  al)out  equal  to  that  of  the  Ix^st  red  l)rick  (4,01)0  pounds  per 
square  inch),  a  maximum  fiber  stress  about  two-thirds  as  great  as 
that  of  red  brick  (88:2  pounds  per  square  inch),  and  absorption 
slightly  greater  than  that  of  the  red  bricks  (12.5  per  cent  in  twenty- 
four  hours). 

Red  brick  sell  in  Boulder  at  $7  to  $9,  the  last-named  price  l)eing 
for  facing  brick.     The  common  price  f.  o.  b.  for  shipment  is  $10 

*  This  may  l>o  compared  with  the  strensth  of  one  of  the  l>e8tkDown  bulldins:  stones  of 
the  Tnlted  States,  the  Bedford  limestone  of  Indiana,  which  showed.  In  17  tests,  an  aver- 
age rriisliing  strength  ot  4..'il.Mt.7  pounds  per  square  Inch. — Twenty-first  Ann.  Rept.  Indi- 
ana lK»pt.  <Jeol.  Nat.  Resources,  p    :U7. 

*  See  Buckley,  E.  R..  Building  and  ornamental  stones :  Bull.  Wisconsin  (Jeol.  and  Nat. 
11 1st.  Survey  No.  4.  181)8.  p.  liO. 
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per  thousand.     Bntf  brick  have  not   Ix^en  exported.     They  sell   in 
Boulder  at  $20  per  thousand. 

Just  beyond  the  western  border  of  the  area,  near  Sunshine,  is  a 
deposit  of  kaolin,  much  of  which  is  to  all  appearances  very  pure. 
Probably  the  deposit  is  due  to  the  alteration  of  feldspars  in  a  peg- 
matite dike.  The  clay  is  white  and  without  grit.  Some  of  it  is 
stony  and  contains  kaolinite  crystals.  Upon  grinding  and  wetting 
it  becomes  thoroughly  plastic. 

COAL. 

A  small  part  of  the  northern  Colorado  coal  field  lies  within  the 
area  here  described.  The  whole  field  was  carefully  studied  by 
Eldridge,"  who  has  described  the  structure,  discussed  the  quality  of 
the  coal,  and  correlated  the  seams  of  the  different  districts.  Since 
the  publication  of  his  work,  in  1896,  several  new  mines  have  been 
opened,  but  these  have  revealed  no  structural  relation  not  known  and 
discussed  in  Monograph  XXVII.  The  reader  will  find  in  that  publi- 
cation substantially  all  that  is  known  in  regard  to  the  geologic  rela- 
tions of  the  coal. 

OIL  AND  GAS. 
SURFACE   INDICATIONS. 

The  development  of  oil  and  gas  in  the  Boulder  area  began  in  1001, 
though  their  presence  was  suspected  and  rumored  as  early  as  1867.'' 
The  early  beliefs  were  based  upon  grounds  which  might  now  be 
regarded  as  far  from  demonstrative.  The  subsequent  finding  of  oil 
must  therefore  be  regarded  largely  as  a  piece  of  good  fortune  rather 
than  the  assured  outcome  of  a  safe  business  venture.  The  evidence 
consisted  largely  in  the  strongly  bituminous  odor  of  the  Benton  and 
Niobrara  limestones  and  shales.  It  was  therefore  assumed  that  the 
strong-smelling  rocks  were  themselves  the  reservoirs  of  petroleum, 
and  in  the  first  developments  there  was  no  thought  of  finding  oil 
above  these  beds.  Oil  was  found  several  thousand  feet  higher  than 
these  two  formations,  which  have  never  produced  anything  of  this 
nature.  They  have  the  same  characteristic  odor  near  the  oil  fields 
and  far  away.  It  was  reasoned  out  with  equal  certainty  that  the 
Benton  and  Pierre  shales  must  produce  coal  on  accoimt  of  their  black 
color.  In  fact,  it  was  while  prospecting  for  coal  in  the  Benton  that 
the  project  of  drilling  for  oil  was  first  conceived. 

A  second  class  of  surface  indications,  not  found  nearer  than  about 
10  miles  from  Boulder,  consists  of  seepages  and  "  oil  springs."    The 


a  Op.  elt..  p.  345. 

*A  brief  historical  account  of  this  Industry  Is  given  by  the  writer  In  Bull.  U.  S.  Qeol. 
Survey  No.  213.  p.  322. 


Digitized  by 


Google 


KBNNBMAN.] 


OIL   AND   GAS. 


77 


fact  that  several  such,  most  persistently  reported,  are  on  the  Archean 
granite  west  of  the  foothill  outcrops  of  stratified  rocks  shows  that 


072  R.70W. 
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red  rocks  are  abundantly  coated  with  oily  matter  at  no  ^r^at  dis- 
tance from  the  point  of  issuance,  and  these  springs  have  been  taken 
very  seriously  by  oil  prospectors,  but  in  none  of  those  examined  was 
the  odor  of  petroleum  detected.  The  well-known  oil  spring  on  the 
bank  of  the  Little  Thompson,  on  the  Culver  ranch,  17  miles  north  of 
Boulder,  issues  from  the  heavy  sandstone  member  of  the  Pierre, 
which  has  been  called  in  this  report  the  Hygiene  sandstone.  This  is 
a  seepage  of  petroleum. 

OIL-BEARING    AREA. 

On  the  evidence  of  these  phenomena,  corroborated  by  the  positive 
behavior  of  "'  bobbers,'' «  several  wells  were  drilled.  In  January, 
11)01,  the  McKenzie  well,  8  miles  northeast  of  Boulder,  struck  oil. 
Since  that  time  there  has  l>een  more  or  less  drilling  from  Fort  Col- 
lins on  the  north  to  Golden  on  the  south.  Sheet  XII  of  Ilayden  s 
atlas  has  been  freely  used  as  "  Hayden's  oil  map,''  and  land  underlain 
by  his  Colorado  group  (which  includes  the  Pierre)  has  been  well 
advertised  as  lying  within  '"  Hayden's  oil  belt."  Development  has 
been  successful  only  within  a  limited  area,  the  center  of  which  is 
from  3  to  4  miles  northeast  of  the  city  of  Boulder  and  a  little  less 
than  3  miles  east  of  the  foothills.  About  100  wells  from  300  to  over 
3,400  feet  in  depth  have  been  drilled  within  5  miles  of  the  McKenzie 
and  about  20  more  are  scattered  over  the  area  In^tween  Fort  Collins 
and  Golden.  Most  of  the  wells  (about  70)  are  within  a  rectangle  2 
miles  east  and  west  by  3  miles  north  and  south,  comprising  sees. 
S,  9,  16,  17,  20,  and  21,  T.  1  N.,  R.  70  W.  of  the  sixth  principal 
meridian.  Within  this  rectangle  are  all  the  producing  wells  excej)t 
the  Boulder  Illuminating,  a  very  small  producer  in  sec.  10  only  a 
few  feet  from  the  eastern  boundary  of  the  rectangle  named,  and  the 
Buffalo  gas  well,  which  lies  1  mile  south  of  the  rectangle. 

The  following  list  gives  the  location  of  wells,  the  total  depth,  and 
the  depth  at  which  oil  was  found.  The  accompanying  sketch  map 
(fig.  0,  p.  77)  shows  the  locations  of  all  wells  within  the  productive 
area.  Some  of  the  dry  wells  are  comparatively  shallow;  therefore 
in  determining  their  significance  their  depths,  as  shown  in  the  table, 
should  be  taken  into  account. 


"  The  exact  location  of  a  large  proportion  of  the  wells  of  this  field  has  been  fixed  by 
this  means.  The  principle  on  wWch  the  use  of  the  bobber  rests  is  the  same  as  that  by 
which  the  prrtper  site  of  a  water  well  is  determined  by  the  Involuntary  turning  of  a 
witch-hazel  sprout  when  held  in  the  hand.  In  two  instances,  completed  derricks  have 
been  taken  down  and  removed  to  distances  not  exceeding  40  feet,  because  of  the  behavior 
of  the  bobl)er  after  their  erection. 
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WcNh  in  the  HouliJvr  tlixtrict.^ 
WELLS  THAT  HAVE  AT  SOME  TLME  rRODrCED  OIL. 


No. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

28 

27 

28 


Location. 


Name. 


Depth.         Depth  to  oil. 


Sec--     Town 
tion.      ship. 


Bradford  No.  1 

Boulder  Valley 

Boulder  Valmont  No.  2 

Otero  No.  1 

Otero  No.  8 

Otero  No.  4  . .  -   

Otero  No.  5 

Savanna  No.  3  .    . .   

Savanna  No.  4 

Savanna  No.  5  (Younglove). 

Dismnke 

Orcini  . . . 

McAfee  No.  1 

McEenzie 

Republic  No.  1    

Wellington 

Bingham 

Arnold 

Wisconsin  No.  2 

Crawford 

Central 

Two-ten 

Otero  No.  2 

St.  George 

Boulder  Illuminating 

Bradford  No.  2 

Savanna  No.  2 


Feet. 

2,404 

2,050'T. 

1,960 

1,718 

l,905t 


Feet. 

1,810 

2,010 

1,650 

1,639 

1,807? 


1,763 
1,475T.| 
2,005*    i 

2,070-  : 


1,584      ' 
1,468 
1,980T. 
2,064 


2,585T. 

961 
^,461 


2,820 

2,900 

2,735T. 

2,621 

2,141 

1,761 


2. 105  T. 
2,537T. 

885 
2,423      I 
2, 845 
2,720 


2,683 
2,551 
2,111 
1,700 


2,700 
1,720 
2,300 


2.130 


DRY   OR   NEARLY   DRY  WELLS. 


No.  I 


Name. 


Depth. 


29  McAfee  No.  2  

30  Eagle 

81     Alamo 

32     (ireat  Western 

■  Numbers  In  the  left-hnnd  column  refer  to  corresponding  numljers  on  the  sketch  map 
(fig.  9).  Wells  not  numbered  are  outside  the  mapped  area.  Depths  marked  T  were  deter- 
mined by  steel  tape  measure;    most  of  the  others  l)y  cable  measure. 


Feet. 

2,700 

2,740 

2,825 

1,600 


«1 

»l 
9 

8 

8 

8 

8 

9 

9 

9 

16 

9 

I 

17 

21 

20 

20 

16! 

16 

16 

17 

17 

9 

8  I 
16  , 
10 

8 

8 


IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
1  is. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 


Range. 

70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 


Location. 


Sec- 
tion. 


I  Town-  i 
I  ship.   , 


Range. 


17 
'20 
21 
20 


IN. 
IN. 
IN. 

IN. 


70  W. 
70  W. 
70  W. 
70  W. 
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Wells  in  the  Boulder  district — Continued. 
DRY  OR  NEARLY  DRY  WELLS— Continued. 


No. 


83 
84 
35 
36 
37 
38 
39 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


Name. 


Depth. 


Location. 


Planet  No.  2 

Searchlight  No.  2 

Home 

Harden  No.  1 . 

Hayden  No.  2 

Phoenix  No.  2 

North  Star 

North  Bend 

Republic  No.  2 . . 

Republic  No.  3 

Homestake 

Vindicator 

Savanna  No.  1 

Boulder  Petroleum    

Pioneer  No.  2 

St.  Julian 

Canfield 

Wood 

Otero  No.  6,  now  Rathvon  No.  2 

Wisconsin  No.  1 •_ 

Cleveland 

Savanna  No.  6 

Savanna  No.  7 

McAfee  No.  3 

Chicago  Banner  . .' 

Langridge 

Sale  Boulder 

Me  Edma I . 

Keystone 

Blue  Jacket 

Boulder  Basin 

Independence ...   .J 

Palm  '. 

Empire  No.  2 

La  Ford 

Craig  &  Bartlett 

Savanna  No.  8 

Rathvon  No.  1 

a  Drilling  deei)er. 


Feft. 
2.025 
2,480 
1,650 
2,670 
2,145 
2,400 
1,160 
787 
1,008 


1,100 
1,300 
700 
1,630 
2,160 


2, 525 

<*3,575 

2,000 

2,492 


3,300 
2,550 


2,500 
2,700 


Sec-     Town- 
tion.      ship. 


9 

9 

9 

17 

17 

9 

20 

20 

20 

20 

20 

20 

20 

8 

8 

8 

9 

16 

8 

8 

20 

9 

8 

16 

17 

16 

20 

20 

21 

21 

21 

8 

17 

9 

8 

9 

8 

8 


IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN.  I 


RanKe. 

70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
70  W. 
TOW. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
70  W. 
70  W. 
70  W. 
70  W. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
TOW. 
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Welltt  in  the  Boulder  distriet — Continued. 
DRY   OR   NEARLY   DRY   WELLS— Continued. 


No.; 


71 
72 
78 
74 
75 
76 
(« 

(«: 

(« 
(« 

(«: 
(«: 
(« 
(« 
(«: 
(«: 
(« 

(« 
(« 
(«: 
(«: 
(« 
(«: 
(« 
(« 
(« 
(^ 

(« 
(« 
(« 

(a 


Name. 


Hayden  No.  3. . 
Citizens  No.  2  . 
Empire  No.  1 .  . 

Anderson 

Peoria 

Phoenix  No.  1  . 

Citizens  No.  1  . 

Maxwell  No.  1 . 

Maxwell  No.  2. 

Pioneer  No.  1 . . 

King. 

Lafayette,  Colo. 

Planet  No.  1 . 

Searchlight  No.  1 . 

Monarch . 

Moore. 

Balkan. 

Boulder  Valmont  No.  1  . . . 

Rose  Crude 

Jasper 

Aurora 

Amazon 

Camahan 

Hoover 

Martin 

Manhattan  

Clean 

Hygiene 

Gardiner 

Phenomenal 

Thomas 

Silver  Lake  (Stuart  well)  . 

Sternberg 

Pioneer  No.  3 

Prince  No.  1 

Prince  No.  2 

Buffalo  (gas  well) 


Depth. 


Location. 


Sec-     Town- 
1    tion.   I  ship. 


Feet. 


1,850 


2,684 
2,300 


2,500 


2,268T. 
2,7004^ 
2,870 
2,325 

700 

i,ia5 

1,500 
1,500 
1,000 
2,740 
2,500 


3,006 


-I        3,105 


3,216  I 

2,995  I 
2,993 
2,300? 

2,150  ' 

3,055  ' 

1,396  I 


1,800 


8 
5 
16 
16 
15 
29 
25 
24 
24 
29 
22 


27 
23 
29 
22 
29 
10 
10 
15 
18 
35 

5 

• 
14 

30 


6 
19 

5 
33 
34 
27 
27 
29 


*  Wells  not  numbered  are  outside  the  area  of  sketch  rpap  (fl^. 
Bull.  2(>r>— 05  M G 


IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
2N. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
IN. 
1  S. 
IN. 
3N. 
3N. 
2N. 
1  S. 
2N. 
2N. 
IN. 
IN. 
2N. 
2N. 
IN. 

9). 


Range. 

70  W. 
70  W. 
70  W. 
70  W. 
70  W. 

70  W. 

71  W. 
71  W. 
71  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 
70  W. 

69  W. 

70  W. 
TOW. 
70  W. 

69  W. 

70  W. 
70  W. 
70  W. 

69  W. 

70  W. 
70  W. 
70  W. 
69  W. 

69  W. 

70  W. 
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The  Savanna  No.  9,  in  sec.  9,  has  reached  at  the  present  writiii*r 
(October,  1904)  a  depth  of  1,840  feet,  where  a  good  showing  of  oil 
has  been  encountered. 

The  Rath  von  No.  2  (No.  51  on  the  map,  fig.  9),  already  the  deepest 
well  in  the  field,  is  being  drilled  deeper. 

DRILLING    IN    THE    PIERRE. 

With  few  exceptions,  tlie  wells  thus  far  put  down  have  been  drilled 
entirely  in  the  Pierre.  The  exceptions  are  among  the  scattered  wells 
to  the  east,  which  are  on  the  very  similar  Fox  Hills,  or  even  on  the 
Laramie,  hut  these  also  traverse  the  Pierre  for  the  greater  part  of 
their  depths. 

Drilling  in  this  formation  is  comparatively  easy  and  rapid.  It 
is  not  unconmion  to  make  100  feet  a  day  at  considerable  depths,  and 
this  is  sometimes  done  without  change  of  bits.  On  the  other  hand, 
slow  progress  is  made  in  some  beds.  The  average  expense  of  drilling 
a  well  under  contract  with  responsil)le  parties  is,  at  the  present  time, 
about  $1.05  per  foot  for  the  first  2,000  feet.  Below  that  depth  the 
cost  is  greater.  Under  such  contracts  the  owner  of  the  well  fur- 
nishes casing.  ! 

Surface  water  is  usually  encountered  at  a  depth  of  about  15  feet 
and  may  be  found  in  the  first  100  or  even  the  first  200  feet.  Below 
this  the  wells  are  commonly  ''  dry ''  or  the  seepage  into  the  wtHs 
from  the  dense  shales  is  so  slow^  as  to  be  of  no  significance  in  drilling. 
In  isolated  cases  deep  water-bearing  strata  are  encountered,  and  such 
water  is  sometimes  salt.  At  Lafayette,  11  miles  east  of  the  foothills, 
a  well  that  was  drilled  for  oil  yielded  a  vigorous  flow  of  water  from 
several  horizons  Ix^tween  400  and  700  feet  deep.  The  oil  from  another 
well  is  mixed  with  about  10  per  cent  of  salt  water,  which  comes  from 
just  below  the  oil,  and  a  slight  admixture  of  salt  water  is  found  in  at 
least  one  other  well. 

Many  wells  are  cased  only  to  the  depth  of  the  surface  water. 
Others  require  1,000  or  even  2,000  feet  of  casing.  In  general,  deep 
casing  is  not  for  the  purpose  of  shutting  off  water  so  much  as  to 
avoid  caving,  which  is  common  though  not  general.  It  has  necessi- 
tated the  abandonment  of  several  wells. 

REPORTS    RECEIVED    FROM    WELX.   DRILLERS. 

By  far  the  most  common  material  reported  as  passed  through  is 
shale  or  "  slate,''  occasionally  varied  as  "  clay "  or  "  soapstone.'' 
Sand  or  "  sand  rock  ''  is  often  reported.  If  it  shows  oil  it  is  often 
called  "  the  oil  sand,''  with  no  particular  reference  to  correlation  with 
the  sands  of  other  wells.     These  sands  are  described  on  pages  31-33. 
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Their  composition  is  generally  far  from  that  which  the  name  would 
suggest  They  range  from  sand  to  clay,  vary  in  thickness  up  to  u 
maximum  of  over  100  feet,  have  a  limited  lateral  extent,  pass  by 
gradations  into  the  normal  shale  of  the  Pierre,  and  occur  at  any 
depth.  One  well  may  pass  through  five  or  six  such  beds,  while 
another  near  by  may  penetrate  nothing  but  shale  to  a  depth  of  2,000 
feet.  In  drilling,  the  sandy  l)eds  are  distinguished  from  the  shales 
by  their  greater  hardness,  by  the  more  rapid  wear  of  the  tools  (the 
driller's  chief  criterion),  and  by  the  smaller  amount  of  suspended 
matter  in  the  water  of  the  bailer.  The  washed-out  samples*  com- 
monly appear  upon  close  examination  as  a  collection  of  gritty  shale 
granules,  whose  edges  have  been  rounded  under  the  drill.  The 
better  grades  show  an  admixture  of  quartz  grains,  and  exceptional 
beds  are  pure  sand. 

"  Streaks  "  and  '*  shells  "  are  other  terms  used  to  indicate  more  than 
usual  hardness  at  certain  horizons.  In  the  outcrops  of  these  shalas 
may  frequently  be  detected  hard  beds  a  few  inches  or  even  several 
feet  in  thickness.  They  are  either  very  calcareous  or  stained  with 
iron  oxide,  or  both,  and  owe  their  superior  hardness  to  concentration 
of  these  substances.  Such  induration  may  affect  the  entire  bed 
equally  or  may  be  concentrated  into  ellipsoidal  concretions,  which 
may  be  more  or  less  separated,  so  that  there  are  all  gradations 
between  the  continuous  hard  plate  and  the  isolated  concretions.  The 
word  '*  shell  "  is  suggestive  of  the  concretions,  as  the  word  ''  streak '' 
is  of  the  plates,  but  in  the  reports  the  two  words  may  l>e  taken  to 
be  synonymous  and  alike  indefinite.  The  comminuted  fragments 
of  these  hard  masses  are  not  easily  suspended  in  the  water  of  the 
bailer,  and  probably  for  this  reason,  as  well  as  on  account  of  their 
superior  hardne^ss,  are  not  infrequently  reported  as  sand.  On  the 
other  hand  many  of  the  so-called  hard  streaks  are  siliceous.  The 
reports  of  ''  lime  rock  "  are  probably  sometimes  to  be  traced  to  the 
same  occurrences,  though,  as  seen  on  page  31,  there  are  some  true 
limestone  beds  in  the  Pierre. 

OIL-BEARING   STRATA. 

The  beds  from  which  the  oil  is  obtained  are  the  highly  variable 
sands  or  sandstones,  described  above  as  varying  between  clay  shale 
and  silica  sand.  Such  l)e(ls  may  be  met  with  at  any  depth,  but  there 
is  no  depth  at  which  such  rcK'k  is  certain  to  l^  found.  Reports 
might  indicate  that  it  is  slightly,  more  abundant  at  a  depth  approach- 
ing *2,000  fe(»t,  but  this  may  be  due  to  the  sharjx'r  lookout  for  sand 
as  the  well  gets  deeper.  Not  all  of  these  strata  contain  oil  or  gas; 
some  of  the  most  porous  sands  give  no  indication  of  either. 

While  the  thickness  of  such  beds  may  be  anything  up  to  100  feet 
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or  more,  oil  or  gas  may  be  obtained  from  only  a  part  of  their  thickness. 
Such  strata  are  plainly  not  so  homogeneous  as  would  appear  from 
the  bailings  and,  except  locally,  are  far  from  being  porous  sandstones. 
P2xcept  in  an  oil  well  they  would  probably  not  be  called  sands  at  all. 
It  is  not  imcommon  to  drill  many  feet  into  such  strata  and  then  strike 
a  showing  of  oil  or  gas  with  no  attendant  change  in  the  texture  of 
Ihe  rock  that  can  be  detected  in  the  bailings. 

These  small  reservoirs  of  oil  or  gas  seem  mutually  independent, 
being  separated  by  the  impervious  shales.  This  isolation  is  well 
illustrated  by  the  occurrence  of  deep  veins  of  water  in  some  wells 
and  the  absence  of  water  from  near-by  sands  in  the  same  well  or  in 
adjacent  wells.  This  mutual  isolation  of  the  several  pockets  is  not 
accompanied  by  any  great  diversity  in  the  character  of  the  oils. 
With  but  few  exceptions  there  is  approximate  uniformity,  as  shown 
by  standard  physical  tests.  Considering  the  striking  uniformity  of 
the  great  body  of  shales,  this  general  likeness  in  the  character  of  the 
oils  is  to  be  expected.  Thus  far  there  is  but  one  authenticated 
instance  in  which  the  pumping  of  a  new  well  has  influenced  the 
production  of  an  older  well.  In  this  case  the  two  wells  are  less  than 
200  feet  apart.  Curiously  enough,  these  two  wells  found  oil  at  depths 
differing  almost  500  feet. 

SHOOTING   OF   WELLS. 

All  but  one  of  the  wells  which  were  pumped  previous  to  the  close 
of  1902  were  shot.  In  1908  this  practice  was  less  general.  The 
amount  of  nitroglycerin  used  in  these  shots  has  varied  from  10  to 
140  quarts.  Dynamite  charges  have  been  as  large  as  500  pounds, 
70  per  cent  nitroglycerin.  The  effects  of  these  shots  have  not  been 
uniformly  favorable.  The  beneficial  effects  in  a  few  of  the  best  wells 
have  doubtless  been  responsible  for  most  of  the  later  attempts. 
More  recently  a  number  of  wells  have  begun  pumping  without  being 
shot.  The  fact  that  the  flow  of  some  wells  has  decreased  since  the 
shooting  will  lead  to  greater  caution,  and  it  is  to  be  hoped  that  it 
will  lead  to  a  more  careful  study  of  the  nature  and  thicknesses  of 
the  strata  passed  through. 

The  beneficial  or  harmful  effects  of  a  shot  must  depend  largely 
upon  the  texture  of  the  stratum  yielding  the  oil,  for  it  seems  to  be 
true  that  some  shales  are  compacted  rather  than  shattered  by  the 
explosion.  Supposably  for  this  reason,  shooting  is  not  practiced  in 
the  Florence  field,  which,  of  all  t\w  older  oil  districts,  the  Boulder 
field  most  resembles.  Owing  to  the  difference  in  texture  of  the 
various  beds  yielding  oil  in  the  Boulder  field,  it  is  but  reasonable  to 
expect  that  the  same  shot  which  would  prove  beneficial  to  one  well 
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would  be  ruinous  to  another.  On  this  account,  if  on  no  other,  the 
texture  and  composition  of  the  oil  strata  should  be  carefully  studied 
by  methods  far  more  discriminating  than  the  superficial  ones  first 
used  in  this  field.  It  is  but  just  to  the  companies  and  contractors 
now  remaining  on  the  ground  to  say  that  there  has  been  much 
improvement  in  the  character  of  well  records. 

A  second  reason  for  injurious  effects  from  shooting  lies  in  imcer- 
tainty  about  the  exact  depth  of  the  sand  which  it  is  intended  to 
shatter.  Measurements  of  depths  by  steel  tape  are  now  becoming 
more  common.  In  most  of  the  earlier  wells  the  depths  of  all  forma- 
tions are  known  only  by  cable  measurement.  It  is  not  uncommon 
that  the  stated  depths  of  important  sands  are  thus  liable  to  errors 
of  25  to  50  feet. 

The  possible  injuries  from  a  shot  at  the  wrong  place  may  be  read- 
ily seen  from  the  following  consideration.  If  a  porous  rock  is  satur- 
ated with  oil  under  pressure  and  is  pierced  by  the  drill,  the  oil  is 
pressed  upward  in  the  hole  solely  because  it  has  no  outlet  in  any  other 
direction,  being  surrounded  (as  in  this  field),  or  at  least  overlain,  by 
impervious  rocks.  If  this  well  is  shot  in  such  a  way  as  to  rupture  the 
impervious  rocks  that  surround  the  oil  sand,  the  oil  may  leave  the 
sand  by  other  openings  besides  the  well  and  may  thus  be  dissipated  in 
other  porous  beds  and  the  well  may  be  ruined. 

Such  an  injurious  effect  may  be  produced  even  by  shooting  at  the 
proper  depth  if  the  charge  employed  be  too  heavy.  In  one  instance 
a  well  was  shot  at  740  feet  with  500  pounds  of  dynamite,  GO  per  cent 
nitroglycerin.  The  formation  above  the  sand  was  a  uniform  dense 
shale.  A  good  quality  of  sandstone  was  blown  from  the  hole  in 
large  chunks,  one  of  which  weighed  14  pounds.  The  shale  was 
ruptured  to  the  surface.  Open  cracks  an  inch  or  more  wide  ex- 
tended for  some  rods  from  the  well.  It  may  be  presumed  that  cracks 
also  reached  a  considerable  depth  below  the  sand  which  was  to  be 
shattered.     The  well,  of  course,  yielded  no  oil. 

It  can  not  be  too  carefully  l>orne  in  mind  that  the  one  object  in 
shooting  is  to  shatter  the  rock  which  carries  the  oil  and  that  only. 
With  this  object  in  view,  it  is  plain  that  intelligent  and  discriminat- 
ing shooting  must  depend  upon  the  answers  to  the  following  ques- 
tions: Is  the  oil  stratum  of  such  a  texture  that  it  will  be  shattered 
rather  than  compacted?  What  is  the  exact  depth  of  its  top  (and  bot- 
tom if  drilled  through)  ?  How  much  of  a  shot  will  the  overlying 
rocks  bear  without  giving  other  outlets  to  the  oil  ?  This  last  question 
is  one  of  great  importance  in  this  field.  It  is  needless  to  say  that  such 
questions  can  be  answered  only  by  a  carefully  kept  log  and  close  study 
of  samples,  not  only  of  oil  sands  but  of  all  strata,  in  order  to  properly 
forecast  their  behavior  under  the  influence  of  a  shot. 
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Wells  which  were  shot  previous  to  June,  /.WJ. 


Name. 


glycerin.  ^° '^^ 


Effect. 


McKenzie 

140 

Savanna  No.  1 

40 

Savanna  No.  2 

100 

Savanna  No.  8 

50 

Savanna  No.  8  (sec- 
ond shot). 

too 

Otero  No.  1 

60 

Otero  No.  2    

10 

Otero  No.  2  (second 

shot). 

60 

Otero  No.  3 

«10  , 

Otero  No.  3   (fifth 
shot). 

60  1 

Bradford  No.  1 

100 

Bradford  No.  2 

30 

Bradford  No.  2  (sec- 
ond shot). 

15 

Boulder  Illuminat- 
ing. 

100 

Crawford 

100 

Boulder  Valley 

80 

Hayden  No.  1   . 

Do 

80 

Central 

100  , 

Two- ten 

120  ' 

Hayden  No.  2 

40 

Anderson 

40 

Wisconsin  No.  2 

40 

Boulder-Peoria 

80  i 

Indei)endence 

60 

Boulder  -  Val  m  o  n  t 
No.  2. 

60 

Boulder  -  Val  m  o  n  t 
No.    2    (second 
shot). 

60 

Dismuke 

60 

Quart H.   • 

2. 530-2, 587     No  change. 

Abandoned  after  shot. 

2,115     Intended  to  shoot  at  2,100;  aban- 
doned after  shot. 

1 ,  579-1 ,  600  .  Reduced  production  from  10  barrels 
to  5  barrels. 

1 ,  579-1 ,  600  .  Produced  about  7  barrels  after  sec- 
I      ond  shot. 

1,649-1,673     Not  pumped  before:  a    good    pro- 
ducer. 

1.724-1,761     Not  pumped. 

1.724-1,761  j  Little  oil  before:  not  pumped;  a  fair 
I      producer  afterwards. 

1 ,  600-1 ,  900     Shot  four  times:  little  oil. 

1 ,  807-1 ,  837     Produced  3  or  4  barrels. 

I  Produced  4  or  5  barrels. 

1 ,  650     Went  on  drilling. 
1,720  I  Very  small  producer. 

I  Not  pumped  before:  a  very  small 

producer. 

2, 682-2, 734     Fair  well  before;  ruined. 

2, 021  '  Increased  production  from  6  barrels 
to  15  barrels. 

2, 005     Shot  with  500  pounds  dynamite,  70 
per  cent;  no  effect. 

80     Same  depth,  j  Never  pumped. 

2, 600     A  little  oil;  soon  abandoned. 

120       2,111-2,141     Not  pumped  before;  small  producer 
afterwards. 

2, 135     Never  pumped. 

2,670  Do. 

2,035     Small  producer;  drilled  deeper  and 
abandoned. 

Never  pumped. 

1,100  Do. 

1,650     Drille<l  deeper. 

1, 947     A  fair  producer. 


2.064     Not  pumped  l)efore:    a  small  pro- 
ducer afterwards. 
o  For  each  shot. 
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Wells  which  were  shot  previous  to  June,  256>^— Continued. 
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Name. 


Buffalo 

Republic  No.  1 . 
Republic  No.  3. 


Charge  of 
I     nitro- 
1  glycerin 


Quarts. 
40 
24 


North  Bend 


Depth  of  Bhot, 
in  feet. 


Effect. 


1,600     No  oil;  did  not  affect  gas  production. 

965     Little  or  no  change. 

Shot  with  100  pounds  dynamite:  no 

change;  dry  hole. 

740     Shot  with  500  pounds  dynamite,  60 
per  cent;  hole  ruined. 


STRUCTURE  OF  THE  OIL  FIELD. 

From  all  observations  previous  to  the  preliminary  report  made  by 
the  writer  in  January,  1903,"  there  appeared  to  be  no  law  governing 
the  distribution  of  oil  in  the  Pierre  shales.  Small  bodies  of  oil  have 
been  found  in  various  parts  of  Colorado  and  neighboring  States,  but 
their  structural  relations,  so  far  as  known,  afforded  only  vague  ex- 
planations of  their  presence,  and  left  the  prospector  with  the  impres- 
sion that  oil  might  or  might  not  be  found  at  almost  any  place  in  the 
Pierre. 

The  want  of  any  known  evidence  of  anticlinal  arches  suggested  the 
inference  that  such  structures  were  unnecessary  to  form  receptacles 
for  oil  and  gas  in  so  dense  a  rock  as  the  Pierre  shales.  The  idea  of 
some  connection  with  folds  was,  however,  not  given  up,  and  renewed 
efforts  were  made  to  induce  companies  and  drillers  to  preserve  sam- 
ples and  careful  records,  with  a  view  to  determining  the  exact  position 
of  the  strata.  During  the  summer  of  1903  a  detailed  structural 
study  was  made  of  an  area  of  150  square  miles,  of  which  the  oil  field 
occupies  the  center. 

It  is  a  noteworthy  fact  that,  with  the  exception  of  two  very  small 
producers,  all  the  Avells  which  have  thus  far  produced  oil  are  in  a  very 
narrow  north-south  l>elt.  It  is  now  known  that  this  belt  follows  a 
monoclinal  fold,  the  wells  being  near  the  top,  and  therefore  in  simi- 
lar structural  position  to  those  of  Ohio  descril)ed  by  Orton  as  occur- 
ring on  "  arrested  anticlines.''  The  tAvo  very  small  producing  wells, 
referred  to  above  as  located  outside  the  narrow  belt,  are  the  Two-ten, 
one-half  mile  east,  and  the  Boulder  Illuminating,  1  mile  east.  It  will 
l)e  seen  l)elow  (p.  92)  that  these  wells  occupy  very  significant  posi- 
tions with  respect  to  another  fold. 

The  monocline  on  which  the  wells  are  located  is  almost  in  line  w^th 
nn  incipient  echelon  fold  to  the  north-northwest,  w^hich  affects  the 

•The  Boulder,  Colo.,  oil  field:    Bull.  U.  S.  Geol.  Survey  No.  213,  1903,  p.  322. 
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foothill  belt  after  the  characteristic  manner  of  such  folds  in  this 
region.  (See  p.  43;  also  map,  PL  II.)  For  the  present  purpose  it  is 
best  seen  in  the  prominent  offset  in  the  outcropping  edge  of  the 
Hygiene  sandstone  in  sec.  6.  The  axis  of  this  fold  points  east  of 
south.  In  the  outcrop  of  the  same  sandstone,  but  5  miles  farther 
northeast,  a  well-developed  fold  of  similar  character  branches  off, 
with  an  axis  trending  almost  due  south.  Both  these  folds  are 
described  below.  The  monocline  which  determines  the  present  line 
of  producing  wells  is  the  soutliAvard  continuation  of  the  western  and 
smaller  one  of  the  two  flexures,  but  it  is  affected  both  in  degree  of 
flexure  and  in  the  direction  of  its  axis  by  the  stronger  fold  to  the  east. 

It  may  be  confidently  affirmed  that  whatever  may  be  the  nature  of 
the  occurrence  of  oils  elsewhere  in  the  Pierre,  there  is  nothing  thus 
far  known  in  the  field  at  Boulder  to  offer  encouragement  to  prospect- 
ors, except  in  intimate  relation  with  folds.  The  essential  features  of 
this  particular  flexure  should,  then,  l^  determined  with  care.  Such  a 
study  may  afford  a  basis  for  inference  as  to  the  probable  oil-bearing 
or  barren  character  of  other  similar  structures  occurring  throughout 
a  distance  of  50  miles  along  the  front  of  the  range. 

The  form  and  location  of  these  folds  are  best  made  clear  by  tracing 
the  outcrop  of  the  Hygiene  sandstone  (see  p.  31),  which  made  pos- 
sible the  discovery  of  the  folds.  Near  Boulder  the  stratum  is  thin 
and  weak  and  is  separated  from  the  Niobrara  on  the  west  by  not 
more  than  1,000  feet  of  shales.  Seven  miles  north  of  Boulder  it 
is  250  feet  thick,  and  the  Pierre  shales  below  it  have  thickened  to 
nearly  3,000  feet.  As  the  dip  has  also  greatly  decreased  wnthin  the 
same  space,  the  sandstone  outcrop  has  been  carried  nearly  2  miles 
to  the  east. 

Stated  more  definitely,  the  outcrop  forms  a  prominent  cuesta 
(a  ridge  of  abrupt  scarp  slope  and  long,  gentle  dip  slope)  running 
from  the  southwest  corner  to  the  northeast  corner  of  sec.  0,  T.  1  N., 
R.  70  W.  This  northeastward  strike  in  sec.  (J — an  exception  to  the 
prevailing  trend,  which  is  almost  north — is  the  surface  expression 
of  a  mild  tendency  to  echelon  folding.  It  belongs  to  the  same 
flexure  as  the  monocline  of  the  oil  field,  and  its  more  prominent 
northwestward  extension  has  been  described  on  page  44.  From  the 
northeast  corner  of  sec.  6  the  outcrop  extends  north  by  east  through 
the  west  side  of  sec.  32,  T.  2  N.  For  nearly  a  mile  north  of  this,  in 
the  vicinity  of  Lefthand  Creek,  the  ridge  is  lost,  but  it  reappears  in 
the  west  half  of  sec.  20,  running  almost  north.  On  the  north  side 
of  this  section  the  outcrop  disappears  under  Table  Mesa.  If  the 
mesa  is  crossed  in  a  northeasterly  direction,  its  northern  side  is 
reached  in  the  middle  of  sec.  9.  At  this  point  the  sharp  crags  of 
this  sandstone  are  seen,  forming  a  bold,  bare  ridge  running  far  away 
to  the  northeast  (N.  27°  E.). 
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If  the  mantle  rock  were  removed  from  the  mesa  it  is  believed  that 
the  outcropping  sandstone  ledge  would  be  seen  to  describe  a  great 
loop  (see  map,  PL  II)  instead  of  cutting  straight  across  from  the 
point  where  it  disappears  under  the  southwest  side  to  where  it  reap- 
pears on  the  northeast.  The  reasons  for  assuming  such  a  structure 
will  appear  in  a  description  of  the  outcrops. 

As  noted  above,  the  strike  for  the  last  mile  or  two  on  the  southwest 
side  of  Table  Mesa  is  nearly  north.  Similarly  on  the  northeast  side, 
the  ledge  which  approaches  the  plateau  with  a  strike  of  S.  27°  W. 
turns,  just  before  its  disappearance,  to  a  direction  differing  only  8° 
from  due  south.  The  two  outcrops,  therefore,  on  the  northeast  and 
southwest  sides  would,  if  prolonged  in  straight  lines,  miss  each  other 
by  about  a  mile. 

There  is  a  second  outcropping  ledge  of  sandstone  on  the  south  side 
of  Table  Mesa,  a  little  more  than  a  mile  east  of  the  one  mentioned 
above,  and  about  one-half  mile  west  of  Haystack  Mountain.  The 
sandstone  of  this  eastern  outcrop  also  forms  a  low  ridge,  and  is  to  all 
appearances  identical  with  that  of  the  more  westerly  exposure.  It 
shows  the  same  succession  of  beds — a  strong  ledge  of  sandstone  and 
a  second  horizon,  a  few  hundred  feet  higher,  marked  by  great  cal- 
careous concretions.  (See  p.  32.)  The  strike  here  is  N.  35°  W.,  and 
the  dip  is  10°  to  the  northeast. 

This  low  ridge  abuts,  as  do  those  of  the  other  outcrops,  against  the 
steep  mesa  scarp.  It  is  believed  that  this  line  of  outcrop  is  directly 
continuous  with  that  which  approaches  Table  Mesa  from  the  north- 
east; that  it  represents  the  eastern  limb  of  an  anticlinal  fold  whose 
crest  has  been  eroded  away ;  that  if  the  soil  cover  could  be  removed 
and  the  edge  of  the  Hygiene  sandstone  everywhere  exposed  it  would 
be  found  again  dipping  west  on  the  western  limb  of  this  anticline  a 
quarter  to  a  half  mile  west  of  the  eastern  exposure;  that  the  loop 
would  be  seen  as  represented  in  fig.  9,  the  outcrop  crossing  Table 
Mesa  with  a  southerly  trend  from  the  middle  of  sec.  9,  passing  in  a 
southeasterly  course  past  Haystack  Mountain,  looping  perhaps  a 
mile  to  the  south,  then  turning  back  to  the  north  for  3  miles  or  more, 
then  turning  sharply  around  once  more  to  the  south  along  the  course 
first  described. 

The  structure  here  described  is  inferred  mainly  from  dips,  all  of 
which  within  the  area  concerned  agree  with  the  features  described. 
Although  the  Hygiene  sandstone  shows  no  good  outcrop  on  the 
western  limb  of  the  anticline,  Avestward  dips  as  high  as  18°  are 
plainly  seen  within  the  sandy  shales  on  the  south  side  of  Lefthand 
Creek  near  the  line  between  sees.  28  and  29.  At  the  north  end  of  the 
canoe-shaped  synclinal  trough  southward  dips  are  found,  according 
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perfectly  with  tlie  assumed  structure.     The.se  may  l>e  seen  along  the 
high,  level  ditch  skirting  the  northwest  side  of  Table  Mesa.® 

Such  an  anticlinal  fold  as  the  one  just  described  must  die  out 
gradually  at  the  end.  (See  fig.  10.)  If  the  axis  be  traced  south- 
ward, the  dip  of  the  western  limb  should  become  less  and  less 
steep.  At  a  certain  point  the  westward  dip  will  become  zero;  there 
will  l)e  a  structural  lx»nch,  as  it  were,  interrupting  the  general  east- 
ward dip.     This  bench  will  be  horizontal,  except  for  a  southward 


Fig.  10. — Cross  R<»rtlonR  showinR  the  foldlnjc  of  the  IlyRlene  sandstone.  The  straight 
horizontal  lines  n'prcsent  the  surface  of  the  ground.  The  soild  curve  Indicates  the 
present  position  of  the  stratum,  and  the  dotted  curve  Indicates  the  position  of  the 
stratum  before  erosion.  A,  10  miles  north  of  the  fortieth  paraUel,  which  Is  1  mUe 
south  of  Boulder ;  H,  9  miles  north ;  C,  8  miles  north ;  I>,  OJ  miles  north ;  E,  5  miles 
north  ;  F,  4  miles  north. 

inclination.  Still  farther  south  the  whole  will  again  dip  toward  the 
east,  but  in  line  with  the  axis  of  the  anticline  the  dip  will  be  smaller 
than  either  east  or  west  of  that  line. 

In  the  north  side  of  sec.  9,  T.  1  N.,  northwest  of  the  Beasley  reser- 
voir, the  only  dip  is  one  to  the  south,  as  is  made  apparent  on  the  map 

«  Tills  structure  was  first  descrll)ed  l)y  the  writer  in  a  paper  entitled  Structure  of  the 
Boulder  oil  field:  Bull.  l\  S.  <;eol.  Survey  No  22.->.  1004.  p.  383.  Since  that  publication 
and  since  tlie  ahove  pHragVaphH  were  written  Messrs.  S.  F.  Rathvon  and  William  Rathvon. 
<»ll  operators,  have  had  eight  holes  duR  to  ascertain  the  dip  of  the  shales  In  sec.  S.*?.  T.  'J 
N.,  R.  70  W.,  and  sees.  4  and  0.  T.  1  N.,  and  to  verify  the  structure  as  described  above. 
The  results  have  fully  confirmed  the  statements  made  here. 
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by  the  outcropping  of  two  arenaceous  beds,  the  lines  of  outcrop 
having  an  east-west  direction.  This  is  on  the  axis  of  the  larger 
fold.  At  this  place  the  axas  of  the  two  folds  (see  p.  88)  are  in 
proximity,  and  the  eastern  and  stronger  fold  uplifts  the  east  side  of 
the  feebler  western  fold,  making  a  horizontal  bench  out  of  what 
would  otherwise  be  only  a  partial  flattening  of  the  general  eastward 
dip.  The  result  is  seen  on  a  line  passing  south  through  sees.  8,  17, 
and  20,  along  which  the  shales  have  no  eastward  dip.  This  belt  is, 
however,  narrow — a  small  fraction  of  a  mile — and  in  short  distance^^ 
both  east  and  west  of  it  decided  eastward  dips  appear. 

Immediately  east  of  this  bench,  perhaps  on  an  average  one-fourth 
of  a  mile,  the  producing  wells  are  found.  Their  linear  arrange- 
ment is  all  the  more  striking  if  the  line  be  extended  south  to  include 
the  Buffalo  gas  well  in  the  southeast  corner  of  sec.  29.  The  posi- 
tion of  the  oil-producing  strip  is  in  exact  accord  with  that  of  oil- 
producing  belts  of  Ohio,  where  the  conditions  of  occurrence  have 
been  made  so  well  known  by  the  very  complete  discussion  of  Orton.'' 
The  possible  finding  of  other  pools  remote  from  such  a  structure 
need  not  be  discussed  here.  They  may  or  may  not  be  found  in  struc- 
kires  differing  from  the  one  to  which  they  are  here  related.  It  can 
only  l)e  said  that  the  example  of  the  already  developed  portion  of 
this  field  offers  no  warrant  for  prospecting  where  these  structural 
features  are  absent. 

It  may  safely  be  assumed  that  the  one  significant  feature  in  the 
structure  of  the  oil  field  is  the  decided  arrest  of  the  general  eastward 
dip.  The  peculiar  relation  of  the  two  folds  whose  effects  at  this 
place  unite  to  produce  the  result  is  not  in  itself  taken  to  be  signifi- 
cant, except  in  so  far  as  it  explains  the  occurrence  or  location  of  the 
one  valuable  feature.  Further,  it  must  not  be  assumed  that  this  or 
any  similar  flexure  w^ill  necessarily  be  oil-bearing  throughout  its 
whole  length.  Even  very  small  transverse  folds  affecting  the  axis 
are  sufficient  to  break  up  the  deposit  into  so-called  ''  pools."'  The 
intermittence  of  good  oil  territory  along  the  line  thus  far  developed, 
from  sees.  8  and  9  on  the  north  to  the  Buffalo  gas  well  on  the  south, 
is  already  known.  It  can  itot  therefore  be  assumed  that  one  or  two 
dry  holes  indicate  that  a  line  marked  by  the  above-described  struc- 
ture is  entirely  barren. 

SUGGESTIONS   AS   TO    FURTHER   DE\"ELOPMENT. 

If,  then,  the  promise  of  future  developments  in  this  oil  field  be 
limited  to  a  relationship  with  folds,  it  is  highly  important  to  exam- 

■  The  Trenton  limestone  as  a  source  of  petroleum  and  inflammable  gas :  Elj^htb  Ann. 
Rept.  V.  S.  Oeol.  Survey,  pt.  2.  1889. 
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ine  similar  occurrences  beyond  the  limits  already  developed.  In  the 
discussion,  however,  it  must  always  be  taken  into  account  that  the 
beds  capable  of  containing  deposits  are  small  and  of  uncertain  lat- 
eral extent.  At  the  outset  the  further  extension  of  the  immediate 
group  of  productive  wells  demands  attention.  The  axis  of  the  fainter 
of  the  tAvo  folds,  whose  combined  effects  produce  the  monocline  in  and 
south  of  sec.  8,  runs  northward  from  the  present  developed  field,  but 
the  very  few  exposures  along  this  northern  portion  have  not  shown 
dips  less  than  6^  or  7°,  and  therefore  no  close  approach  to  the  struc- 
ture described  above  as  occurring  farther  south,  in  the  vicinity  of  the 
successful  wells. 

The  stronger  fold  to  the  east  completely  neutralizes  the  general 
eastward  dip  as  far  south  as  sec.  4,  while  farther  north  it  has  a 
westward-dipping  limb.  The  axis  of  this  fold  runs  north  by  a  little 
west  through  sec.  4,  T.  1  N.,  R.  70  W.,  and  sees.  33  and  t>8  of  T.  2  N. 
The  axis  of  this  fold  has  not  been  tested  by  the  drill.  At  its  south- 
ern extremity,  however,  where  the  strata  begin  to  dip  strongly  south- 
ward (10°  or  15°),  is  the  Two-ten  well,  and  one-half  mile  farther 
east  is  the  Boulder  Illuminating.  Both  of  these  wells  are  small  pro- 
ducers (about  2  barrels  a  day  from  each  well),  but  the  finding  of  oil, 
even  in  small  quantities,  in  this  relation  to  the  fold  is  significant. 
From  a  structural  standpoint  it  may  be  expected  that  if  larger  quanti- 
ties of  oil  are  present  they  will  be  found  nearer  the  axis  of  this  fold 
rather  than  farther  away. 

Sheet  No.  XII  of  Hay  den's  Atlas  of  Colorado  shows  with  consid- 
erable detail  a  series  of  large  echelon  folds,  but  those  described  above 
are,  in  general,  too  small  to  appear  on  that  map.  The  salient  curve 
in  the  Dakota,  however,  shown  on  the  Ilayden  map  north  of  Left- 
hand  Creek,  must  be  correlated  with  the  long  loop  in  the  Hygiene 
sandstone  described  above.  If  this  latter  formation  were  drawn  on 
the  Hayden  map,  the  loop  in  question  would  be  three-fourths  of  an 
inch  long.  A  fair  idea  of  the  relative  sizes  of  such  folds  may  be  had 
by  comparing  the  effects  of  each  on  the  same  formation,  as,  for 
example,  on  the  Dakota. 

The  question  of  stores  of  oil  in  the  larger  folds  naturally  suggests 
itself,  in  A^iew  of  the  known  relation  of  oil  to  the  smaller.  It  is  to 
be  rememlx^red,  however,  that  in  the  Appalachian  region  it  is  not  the 
great  anticlines  which  hav^e  conserved  the  hydrocarl)ons.  Here,  as 
there,  the  greater  deformations  may  prove  to  have  made  poor  reser- 
voirs, probably  by  the  opening  of  cracks.  Nor,  indeed,  has  it  yet 
betMi  sliown  that  the  larger  of  the  small  folds  in  the  Boulder  field  is 
an  oil  reservoir.  If  the  future  proves  otherwise,  there  will  be  a 
strong  presumption  in  favor  of  restricting  the  search  for  oil  to  folds 
c^f  the  smaller  order.    If  the  large  folds  shown  on  the  Hayden  map 
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are  to  prove  oil-l)earing,  it  will  probably  be  in  their  remote  ends, 
where  the  fold  is  dying  out  on  the  plains. 

A  condition  of  this  nature  has  been  put, to  the  test  in  one  instance. 
A  fine  fold  of  this  kind,  north  and  east  of  Lyons,  flattens  out  in  the 
vicinity  of  Hygiene  (about  12  miles  north  and  5  miles  east  from 
Boulder).  Here,  in  a  line  transverse  to  the  axis,  three  wells  were 
drilled  to  depths  approximating  3,000  feet.  They  were  not  without 
showings  of  oil,  but  a  better  showing  was  obtained  4  miles  farther 
down  its  axis  to  the  southeast,  where  the  fold  has  flattened  greatly 
and  was  probably  never  considered  a  factor.  Oil  from  a  depth  of 
about  600  feet  has  also  accumulated  in  an  abandoned  water  well,  a 
mile  north  of  Hygiene.     This  is  also  on  or  near  the  axis  of  the  fold. 

If  the  larger  folds  fail  to  yield  oil,  the  one  remaining  hope  (prob- 
ably more  promising  from  the  start)  lies  in  the  smaller  folds.  For 
reasons  given  above,  these,  in  so  far  as  they  affect  the  Pierre  shalas, 
are  betrayed  only  by  the  most  obscure  outcrops.  Yet  it  is  in  this 
formation,  at  a  distance  of  a  few  miles  from  the  harder  rocks  of  the 
foothills,  that  folds  must  be  found  if  they  are  to  serve  as  guides  in 
prospecting  for  oil. 

Herein  lies  the  large  significance  of  the  similar  though  often  very 
small  flexures  which  affect  the  stronger  and  well-exposed  strata  of 
the  foothills  from  Morrison  to  Niobrara,  inclusive.  In  these  stronger 
rocks  they  may  be  very  small,  the  looping  back  generally  being  less 
than  a  quarter  of  a  mile;  but  the  same  stress  will  be  found  to  have 
produced  larger  results  in  the  weaker  Pierre.  Therefore,  if  the 
Pierre  shales  are  to  be  prospected  in  this  region  of  echelon  folding, 
much  time  will  be  saved  by  making  a  preliminary  examination  of 
the  stronger  strata.  \Miere  the  Hygiene  sandstone  is  exposed,  it  is 
the  natural  index  of  structure  and  the  best.  WTiere  it  does  not  out- 
crop, the  basal  Niobrara  limestone  is  the  nearest  criterion. 

In  these  suggestions  no  account  is  taken  of  the  possibility  of  folds 
running  strictly  parallel  to  the  foothill  outcrops.  This  is  of  course 
possible,  especially  south  of  Boulder,  where  the  echelon  type  is  not 
prevalent.  The  lines  of  procedure  suggested  above  are  only  those 
which  have  been  derived  from  the  known  structure  of  the  already 
developed  field.  They  are  not  intended  to  exclude  consideration  of 
structures  not  yet  exemplified. 

The  Maxwell  gas  well,  less  than  2  miles  north  of  Boulder  and  a 
little  more  than  half  a  mile  from  the  Pierre-Niobrara  contact,  may 
seem  an  exception  to  all  that  has  l>een  said  above  regarding  the  loca- 
tion of  oil  and,  by  inference,  of  the  closely  associated  gas.  It  might 
therefore  be  thought  of  as  putting  the  generalization  to  a  severe  test. 
Near-by  outcrops  are  too  few  and  unsatisfactory  to  fix  the  structure 
with  any  definiteness,  but  it  is  a  remarkable  fact  that  this  well  lies 
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south-southeast  from  an  incipient  echelon  fold  which  atfects  the  boun- 
daries of  all  outcrops  from  the  Lykins  to  the  Benton.  (See  p.  43.) 
The  axis  of  this  fojd  would  seem  to  pass  a  little  west  of  the  Maxwell 
well. 

SOURCES  OF  THE  OIL. 

The  strata  containing  the  original  substances  from  which  the  oil 
of  the  Boulder  field  has  been  derived  are  not  determined  with  exact- 
ness. Much  of  the  Pierre  is  black  with  disseminated  carbonaceous 
matter.  The  Niobrara  below  is  bituminous,  yielding  a  strong  odor, 
especially  from  its  more  fossiliferous  beds.  The  same  is  true  of  the 
Benton,  whose  shale^s  are  characteristically  dark,  and  whose  bitumi- 
nous odor  is  at  least  as  well  marked  as  that  of  the  Niobrara.  The 
Dakota  Iwars  oil  in  Wyoming,  and  an  asphaltic  substance  oozes  frtmi 
its  cracks  at  various  places  from  Wyoming  to  southwestern  Colorado. 
Even  the  Morrison  beds  contain  some  oil,  as  seen  near  the  Florence 
field. 

The  strata  thus  enumerated  have  a  combined  thickness  of  from 
5,000  to  6,000  feet  below  the  horizon  of  the  lowest  oil  reached  in  the 
Boulder  field.  The  Benton  and  Niobrara  are  doubtless  richer  in 
organic  matter  than  any  higher  strata  and  surely  far  richer  than 
anything  below\  While  these  considerations  are  favorable  to  the 
l)eds  below  the  Pierre  as  the  ultimate  sources  of  the  oil,  others  favor 
a  source  not  far  from  the  horizon  at  which  the  oil  is  found.  Neither 
hypothesis  is  established  and  neither  can  yet  be  abandoned. 

The  great  density  of  the  Pierre  shales  must  make  them  a  serious 
barrier  to  the  passage  of  any  form  of  matter.  It  is  significant  that 
the  same  dense  shale  which  forms  the  so-called  "  cap  rock,''  and  is  there- 
fore considered  impervious  to  oil  or  gas,  also  underlies  the  oil,  and 
must  therefore  have  l^een  traversed  by  the  hydrocarbons  for  thou- 
sands of  feet  if  the  ultimate  source  of  these  substances  was  in  the 
Benton  and  Niobrara.  It  is  also  noteworthy  that  some  of  the  purest 
white  friable  silica  sand  found  in  deep  wells  has  contained  no  oil. 
Such  sands  must  have  l>een  quickly  discovered  by  the  rising  hydro- 
carbons working  their  way  upward  from  great  depths  through  the 
scanty  pores  of  the  shale.  Both  the  general  density  of  the  shales  and 
the  absence  of  the  oil  from  certain  friable  sands  favor  a  hypothesis 
which  locates  the  original  source  of  the  oil  at  horizons  not  very  far 
from  those  at  which  it  is  now  found.  In  this  case  it  is  safe  to  say 
that  the  tilting  of  the  beds  has  given  oppoi-tunity  for  the  segregation 
of  their  fluids  according  to  their  scAeral  specific  gravities.  Theory 
would  require  that  the  oil  should  he  found  just  about  where  the 
present  Avells  are  located;  that  is.  on  the  slope  lx»low  the  horizontal 
bench.    The  sunmiit  of  the  monoclinal  slope,  or  edge  of  the  structural 


Digitized  by  VjOOQIC 


FKNNEMAN.j 


SOURCES    OF    THE    OIL. 


95 


terrace,  should  be  the  approximate  western  limit  of  gas,  or  of  oil,  if 
there  be  little  gas  present.  This  is  because  fluids  lighter  than  water, 
after  rising  through  an  inclined  porous  stratum  to  this  line,  could 
find  no  higher  place  to  go. 

A  similar  segregation  might  occur  in  beds  whose  dips  are  not  inter- 
rupted by  a  horizontal  bench.  If  oil,  in  mounting  to  higher  levels 
through  such  porous  beds,  finds  them  gradually  changed  to  dense 
shales,  there  must  result  an  accumulation  along  the  upper  margin  of 
the  porous  portion,  regardless  of  folds  and  interrupted  dips.  It  is 
not  improbable  that  small  accumulations  of  this  kind  exist  in  the 
Pierre  shales  and  may  in  the  future  be  found.  The  chance  that  such 
may  exist  is  independent  of  the  original  source  of  the  hydrocarbons. 
It  matters  little  whether  this  was  near  the  horizon  of  the  oil-bearing 
strata  or  thousands  of  feet  below. 


Fig.  11.^— Hypothetical  cracking  In  the  formation  of  the  oil-fleld  monocline. 

The  suggestion  of  a  deep  source  for  the  original  constituents  of 
the  oil,  based  on  the  bituminous  character  of  the  Benton  and  Nio- 
brara beds,  is  so  strong  that  any  plausible  explanation  of  its  rise 
through  the  Pierre  shales  deserves  consideration.  AMiile  in  general 
highly  dense,  it  is  not  certain  that  the  Pierre  shales  directly  below 
the  known  oil  deposits  are  unfractured.  If  affected  by  fracture 
they  may  not  be  so  impervious  as  would  be  inferred  from  a  study  of 
samples.  The  folding  along  this  belt  may  have  had  more  signifi- 
cance than  the  making  of  suitable  closed  reservoirs  in  which  to  hold 
the  oil.  At  the  foot  of  such  a  monoclinal  otfset  as  has  l)een  de>>cribed, 
the  lower  strata  might  well  be  expected  to  be  stretched  and  those 
above  compressed.  (See  fig.  11.)  At  the  top  of  the  monocline, 
the  reverse  is  true;  the  upper  IxhIs  should  be  stretched  and  those 
below  compressi»d.  If  such  folding,  therefore,  is  to  result  in  greater 
permeability  of  the  lower  beds  along  any  belt,  it  must  be  along  the 
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foot  of  the  monoclinal  slope.  From  all  observations  in  this  field, 
this  tendency  to  Assuring  in  the  deeper  beds  might  well  be  the 
chief  significance  of  the  monocline.  It  has  been  pointed  out  above 
that  the  axis  of  the  oil-producing  belt  so  far  as  explored  is  a 
full  quarter  of  a  mile  east  of  the  north-south  line  along  which  the 
shales  are  horizontal.  The  dip  of  the  shales  through  which  the  pro- 
ducing wells  are  drilled  approaches  20°.  Assuming  the  folds  of  the 
lower  strata  to  be  similar  to  those  above,  and  remembering  that  no 
reservoirs  of  gas  have  been  found,  which  might  be  expected  to  crowd 
the  oil  down  the  slope,  this  situation  of  the  oil  deposits  does  not  favor 
the  analogy  of  the  anticlinal  reservoir.  It  seems  to  suggest  that  the 
foot  of  the  monoclinal  slope  may  be  quite  as  important  in  relation  to 
the  accumulation  of  oil  as  is  its  top. 

There  are  here,  therefore,  two  possible  ways  in  which  folding  may 
have  affected  these  oil  deposits:  (1)  It  may  have  provided  suitably 
constructed  reservoirs;  (2)  it  may  have  made  the  deep  rocks  suf- 
ficiently permeable  to  allow  the  ascent  of  hydrocarbons  from  the 
lower  formations  whose  constitution  makes  them  the  most  plausible 
sources.  If  the  deeper  origin  be  assigned  to  the  oil,  then  the  second 
consideration  is  more  urgent  in  this  field  than  the  first,  though  the 
two  are  quite  consistent.  The  second  consideration  provides  for 
communication  (otherwise  seemingly  impossible)  with  the  most 
bituminous  beds  of  the  region.  It  also  localizes  the  upward  move- 
ment of  the  hydrocarbons  along  lines  of  fracture,  thus  accounting: 
for  the  absence  of  oil  and  gas  in  some  of  the  most  porous  sands.  It 
also  harmonizes  well  with  the  situation  of  oils  far  down  the  mono- 
clinal slope.  Finally,  such  a  structure  in  a  mass  of  shales  containing 
occasional  sandy  beds  would  result  in  accimiulation  at  very  diverse 
depths.  Fractures  leading  up  from  below  would  here  strike  and 
there  miss  sands  of  limited  lateral  extent,  just  as  the  wells  reaching 
down  from  the  surface  have  done. 

The  stretching  and  possible  fracture  of  the  deeper  beds  at  the  foot 
of  a  monoclinal  slope  are,  of  course,  not  open  to  observation.  The 
corresponding  process  in  the  upper  beds  at  the  top  of  the  slope  has 
left  the  marks  which  were  to  be  expected  in  this  field.  A  consider- 
able amount  of  fracturing  is  evidenced  by  calcite  vein  filling.  In 
the  SE.  i  sec.  6,  T.  1  N.,  R.  70  W.,  where  there  is  the  incipient 
echelon  fold  that  has  been  described  (map,  PI.  II),  the  north  side 
of  the  mesa  shows  broad  exposures  of  the  bare  shales.  The  weather- 
ing and  erosion  of  these  has  left  the  surface  strewn  with  chunks  of 
calcite  which  occupied  the  crevices  of  the  shale.  These  veins  are 
often  several  inches  wide.  Similar  evidence  is  seen  just  west  of  the 
oil  wells,  where  the  horizontal  position  of  the  shales  gives  way  to 
the  eastward  dip. 
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It  is  not  intended  to  suggest  that  the  lower  beds  at  the  foot  of  the 
monoclinal  slope  could  be  affected  by  open  fissures.  The  necessary 
depth  to  which  permeability,  resulting  from  deformation,  must  be 
extended  in  order  to  reach  the  Niobrara  and  Benton  is  even  now  well 
above  half  a  mile,  and  it  may  have  been  one  or  two  thousand  feet  more 
at  the  time  the  folding  took  place  (assuming  subsequent  denudation 
to  that  amount) .  At  such  a  depth  it  is  not  to  be  expected  that  crevices 
in  shale  will  open  wide;  indeed,  the  plausibility  of  the  entire  sup- 
position here  sketched  depends  upon  the  possibility  of  any  fracture 
at  all.  However,  inasmuch  as  the  shale,  when  perfectly  fresh,  is  a 
fairly  strong  rock,  it .  seems  at  least  probable  that  deformation 
within  the  zone  concerned  would  be  by  fracture  rather  than  by 
flowage.  Still  the  connection  between  oil  accumulation  and  per- 
meability caused  by  folding  can  not  yet  be  affirmed.  Some  questions 
remain  to  be  answered  before  this  supposition  can  be  made  a  working 
hypothesis. 

PHYSICAL  PROPERTIES. 

In  physical  tests  the  products  of  the  different  wells  show  a  note- 
worthy resemblance,  despite  the  diverse  depths  from  which  they  are 
derived.  There  are  minor  differences  in  color,  but  in  general  the 
oil  is  a  light  amber  and  has  a  paraffin  base  and  an  agreeable  odor. 
Gravity  tests  range  from  42°  to  44.6°  Beaume.  In  all  flash  tests 
reported  the  oil  has  flashed  below  60°  F.,  and  the  exact  temperature 
of  the  point  was  therefore  not  recorded.  The  proportions  of  the 
more  valuable  products  of  refinement,  notably  that  of  kerosene,  are 
very  large.  The  current  price  of  the  crude  oil,  $1.10  per  barrel,  is 
the  best  indication  of  its  quality  from  a  commercial  point  of  view. 
It  is  said  by  Oliphant  to  be  the  best  oil  west  of  Mississippi  River.® 

PRODUCTION  OF  OIL  AND  GAS. 

As  stated  above  (p.  77),  there  are  nearly  70  wells  in  the  productive 
area,  though  this  number  includes  some  very  shallow  holes.  Twenty- 
eight  have  pumped  oil  at  some  time.  Twelve  of  the  28  were  aban- 
doned before  October,  1904,  and  a  few  others  were  not  at  that  time 
pumped  with  any  regularity. 

The  oil  production  amounted  to  11,000  barrels  in  1902  and  39,000 
barrels  in  1903.  While  a  very  substantial  gain  is  thus  indicated 
when  the  output  is  stated  by  years,  the  monthly  production  at  the 
close  of  1903  was  smaller  than  at  the  beginning  of  the  year.  The 
average  daily  production  for  1904  did  not  exceed  70  barrels. 

•  Mineral  Resources  V.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  562. 
Bull.  265--05  M 7 
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One  gas  well,  the  Buffalo,  in  the  southeast  comer  of  sec  29, 
and  therefore  in  the  same  north-south  line  with  the  oil  wells,  but 
farther  soutli,  has  yielded  considerable  quantities  of  gas  for  several 
years.  The  gas  is  piped  to  Boulder  and  was  at  first  used  in  connec- 
tion with  the  manufactured  gas.  Since  September,  1903,  no  gas  has 
been  manufactured,  and  the  quantity  of  gas  used  from  the  well  has 
been  gradually  increased.  The  rate  of  consumption  has  at  times 
been  nearly  3,000,000  feet  per  month.  It  is  probable  that  the  present 
rate  of  consumption  could  not  with  safety  be  greatly  increased,  but 
no  diminution  of  the  capacity  of  the  well  has  yet  been  observed. 
Its  quality  is  very  satisfactory. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[BulleUn  No.  265.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5) 
Mineral  Resources,  (6)  NV  ater-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas 
of  United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  every  member  of  Congress,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  fifty-ninth  in  Series  A  and  the  sixty-ninth  in  Series  B,  the  com- 
plete lists  of  which  follow.  (PP= Professional  Paper,  B=Bulletin,  WS=Water- 
Supply  Paper. ) 

SERIES  A,  ECONOMIC  GEOLOGY. 

B  21.  Ugnitefl  of  Great  Sioux  Reservation:  Report  on  region  between  Grand  and  Morean  rivers, 

Dakota,  by  Bailey  Willis.    1886.    16  pp.,  5  pis.    (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  F.  Penrose,  jr.,  with  introduction 

by  N.  S.  Shaler.    1888.    H3  pp.     (Out  of  stock.) 
B  66.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C. 

White.    1891.    212  pp..  11  pis.     (Out  of  stock.) 
B  111.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    1893.    106 

pp.,  6  pis. 
B 132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.    1896.    31  pp. 
B  138.  Artesian- well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    1896.    228  pp.,  19 

pis.    (Out  of  stock. ) 
B  139.  Geology  of  Castle  Mountain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirsaon.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J.  C.  Branner.    1896.    114  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vauglian.  including  a  report 

on  igneous  rocks  from  the  San  Carlos  coal  field,  by  E.  C.  E.  Lord.    1900.    100  pp.,  11  pb. 
B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    16  pp.,  1  pi. 

B  180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.    1901.    98  pp.,  14  pis. 
B  182.  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colorado,  by  F.  L.  Ransome. 

1901.    266  pp.,  16  piB. 

I 


Digitized  by  VjOOQ IC 


II  ADVERTISEMENT. 

B  184.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  Ck)al  Measures  and  of  the  Upper 

Cretaceous  and  Tertiary  of  the  western  Oulf  coast  by  Q.  I.  Adams.    1901.    64  pp.,  10  pis. 

(Out  of  stock.) 
B  193.  The  geological  relations  and  distribution  of  platinum  and  associated  metals,  by  J.  F.  Kemp. 

1902.    95  pp.,  6  pla.    (Out  of  stock.) 
B  198.  The  Berea  grit  oil  sand  in  the  Cadiz  quadrangle,  Ohio,  by  W.  T.  Griswold.    1902.    43  pp.,  1  pi. 
PP  1.    Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 

the  geology  of  southeastern  Alaska,  by  Alfred  Hulse  Brooks.    1902.    120  pp.,  2  pis. 
B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  M.  R.  CampbelL 

1902.  23  pp.,  1  pi. 

B  202.  Tests  for  gold  and  silver  in  shales  from  western  Kansas,  by  Waldemar  Lindgren.    1902.    21  pp. 
PP  2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J.  Ck>llier. 

1902.    70  pp.,  11  pis. 
PP  10.  Reconnaissance  from  Port  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall,  Kanuti.  Allen, 

and  Kowak  rivers,  by  W.  C.  Mendenhall.    1902.    68  pp.,  10  pis. 
PP  11.  Clays  of  the  United  States  east  of  the  Mississippi  River,  by  Heinrich  Ries.    1903.    296  pp..  9  pis. 
PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1903.    168  pp.,  27  pis. 
B  212.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Hayes  and  William  Kennedy. 

1903.  174  pp.,  11  pis. 

B  213.  Contributions  to  economic  geology,  1902;  8.  F.  Emmons,  C.  W.  Hayes,  geologists  in  charge. 

1903.    449  pp. 
PP  15.  The  mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C.  Mendenhall  and 

F.  C.  Schrader.    1903.    71  pp.,  10  pis. 
B  218.  Coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    1903.    71  pp.,  6  pis. 
B  219.  The  ore  deposits  of  Tonopah,  Nevada  (preliminary  report),  by  J.  E.  Spurr.    1908.    31  pp.,  1  pi. 
PP  20.  A  reconnaissance  in  northern  Alaska  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PP  21.  Geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1901.    168  pp., 

29  pis. 
B  223.  Gypsum  deposits  of  the  United  States,  by  G.  I.  Adams  and  others.    1904.    129  pp..  21  pis. 
PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp.,  27  pis. 
PP  25.  Copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.    1904.    107  pp.,  2  pis. 
B  225.  Contributions  to  economic  geology,  1903;  S.  F.  Emmons,  C.  W.  Hayes,  geologists  in  charge. 

1904.  527  pp.,  1  pi. 

B  256.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar.  jr.    1904.    222  pp.,  20  pis. 
PP  27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  in  Mon- 
tana and  Idaho,  by  Waldemar  Lindgren.    1904.    123  pp.,  15  pis. 
B  229.  Tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    1904.    61  pp.,  7  pis. 
B  236.  The  Porcupine  placer  district,  Alaska,  by  C.  W.  Wright.    1904.    35  pp.,  10  pis. 
B  238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  Erasmus  Haworth,  and 

W.  R.  Crane.    1901.    83  pp.,  11  pis. 
B  243.  Cement  materials  and  industry  of  the  United  States,  by  E.  C.  Eckel.    1905.    395  pp.,  16  pis. 
B  246.  Zinc  and  lead  deposits  of  northwestern  Illinois,  by  H.  Foster  Bain.    1904.    56  pp.,  5  pis. 
B  247.  The  Falrhaven  gold  placers,  Seward  Peninsula,  Alaska,  by  F.  H.  MoflBt.    1905.    85  pp.,  14  pis, 
B  249.  Limestones  of  southeastern  Pennsylvania,  by  F.  G.  Clapp.    1906.    52  pp.,  7  pis. 
B  250.  The  petroleum  fields  of  the  Pacific  coafet  of  Alaska,  with  an  account  of  the  Bering  River  coal 

deposits,  by  G.  C.  Martin.    1905.    65  pp.,"  7  pis. 
B  261.  The  gold  placers  of  the  Fortymile,  Birch  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M. 

Prlndle.    1905.    89  pp.,  16  pis. 
W8  117.  The  lignite  of  North  Dakota  and  its  relation  to  Irrigation,  by  F.  A.  Wilder.    1906.    60  pp., 

8  pis. 
PP  36.  The  lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrlch  and  W.  8.  T. 

Smith.    1905.    218  pp.,  15  pis. 
PP  38.  Economic  geolog>'  of  the  Bingham  mining  district  of  Utah,  by  J.  M.  Boutwell,  with  a  chapter 

on  areal  geolc^y,  by  Arthur  Keith,  and  an  introduction  on  general  geology,  by  S.  F.  Emmons. 

1905.    413  pp..  49  pis. 
PP  41.  The  geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendenhall.    1906. 
B  254.  Report  of  progress  In  the  geological  resurvey  of  the  Cripple  Creek  district,  Colorado,  by  Walde- 
mar Lindgren  and  F.  L.  Ransome.    1904.    36  pp. 
B  255.  The  fluorspar  dejxwlts  of  southern  Illinois,  by  H.  Foster  Bain.    1906.    75  pp.,  6  pli. 
B  256.  Mineral  resources  of   the  Elders   Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone.    1906. 

86  pp.,  12  pis. 
B  259.  Report  on  progress  of  investigations  of  mineral  resources  of  Alaska  in  1904,  by  A.  H.  Brooks 

and  others.    1905.    196  pp..  3  pis. 
B  260.  Contributions  to  economic  geology,  1904;  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  cliaige. 

1905.  620  pp.,  4  pis. 

B  261.  Preliminar>'  report  on  the  operations  of  the  coal-testlng  plant  of  the  United  States  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  HolmM, 
and  M.  R.  Campbell,  committee  in  charge.    1906.    172  pp. 
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B  26S.  Methods  and  cost  o£  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Purington.    1Q06.    278  pp., 

42  pis. 
PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  8purr.    1906. 
PP  43.  The  copper  deposits  of  Clifton-Morenci,  Arizona,  by  Waldemar  Undgren.    1906. 
B  264.  Record  of  deep  well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.    1906. 

106  pp. 
B  265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Penneman.    1906.    101  pp.,  5  plB. 

SERIES  B,  DESCRIPTIVE  GEOLOGY. 

B  23.  Observations  on  the  junction  between  the  Eastern  sandstone  and  the  Keweenaw  series  on 

Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlln.    1885.    124  pp., 

17  pis. 
B  33.  Notes  on  geology  of  northern  California,  by  J.  8.  Diller.    1886.    23  pp.    (Out  of  stock.) 
B  39.  The  upper  beaches  and  deltas  of  Glacial  Lake  Agassiz,  by  Warren  Upham.    1887.    84  pp.,  1  pi. 

(Out  of  stock.) 
B  40.  Changes  in  river  courses  in  Washington  Territory  due  to  glaciation,  by  Bailey  Willis.    1887. 

10  pp.,  4  pis.    (Out  of  stock.) 
B  45.  The  present  condition  of  knowledge  of  the  geology  of  Texaji,  by  R.  T.  Hill.    1887.    94  pp.    (Out 

of  stock.) 
B  58.  The  geology  of  Nantucket,  by  N.  8.  Shaler.    1889.    55  pp.,  10  pis.    (Out  of  stock.) 
B  57.  A  geological  reconnaissance  in  southwestern  Kansas,  by  Robert  Hay.    1890.    49  pp.,  2  pis. 
B  58.  The  glacial  boundary  in  western  Pennsylvania,  Ohio.  Kentucky,  Indiana,  and  Illinois,  by  G.  F. 

Wright,  with  introduction  by  T.  C.  Chamberlin.    1890.    112  pp.,  8  pis.    (Out  of  stock.) 
B  67.  The  relations  of  the  traps  of  the  Newark  system  in  the  New  Jersey  region,  by  N.  H.  Darton. 

1890.    82  pp.    (Out  of  stock.) 
B  101.  Glaciation  of  the  Yellowstone  Valley  north  of  the  Park,  by  W.  H.  Weed.    1893.    41  pp.,  4  pis. 
B 108.  A  geological  reconnaissance  in  central  Washington,  by  I.  C.  Russell.    1893.    106  pp.,  12  pis. 

(Out  of  stock.) 
B  119.  A  geological  reconnaissance  in  northwest  Wyoming,  by  G.  H.  Eldridge.    i894.    72  pp.,  4  pis. 
B 137.  The  geology  of  the  Fort  Riley  Military  Reservation  and  vicinity,  Kansas,  by  Robert  Hay. 

1896.    35  pp..  8  pis. 
B  144.  The  moraines  of  the  Missouri  Coteau  and  their  attendant  deposiu,  by  J.  £.  Todd.    1896.    71 

pp.,  21  pis. 
B  158.  The  moraines  of  southeastern  South  Dakota  and  their  attendant  deposits,  by  J.  £.  Todd. 

1899.    171  pp.,  27  pis. 
B  159.  The  geology  of  eastern  Berkshire  County,  Massachusetts,  by  B.  K.  Emerson.    1809.    139  pp., 

9  pis. 
B  165.  Contributions  to  the  geology  of  Maine,  by  H.  S.  Williams  and  H.  E.  Gregory.    1900.    212  pp., 

14  pis. 
WS70.  Geology  and  water  resources  of   the    Patrick  and  Goshen   Hole  quadrangles  in  eastern 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 
Washington^  D,  C,  February  4, 1903. 
Sir:  I  transmit  herewith,  for  publication  as  a  bulletin  of  the  Sur- 
vey, a  manuscript  entitled  "  Paleontology  of  the  Malone  Jurassic 
Formation  of  Texas,''  by  Francis  Whittemore  Cragin.  Professor 
Cragin  prepared  a  large  part  of  this  paper  in  1899,  beginning  the 
work  while  he  was  a  graduate  student  in  Johns  Hopkins  University, 
Baltimore,  and  continuing  it  here  under  my  supervision  in  accordance 
with  authority  obtained  from  you  at  the  time.  I  have  inserted  a 
sketch  of  the  stratigraphy  of  the  region  and  have  prepared  the  accom- 
panying map,  using  data  furnished  by  Professor  Cragin  for  the  por- 
tion of  the  region  referred  to  in  his  text. 

I  may  add  that  Professor  Cragin's  collection  of  Malone  fossils  is 
now  the  projx^rty  of  the  United  States  National  Museum. 
Very  respectfully, 

T.  W.  Stanton,  Paleontologist. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PALEONTOLOGY  OF  THE  MALONE  JURASSIC  FORMA- 
TION OF  TEXAS. 


By  F.  W.  Cragin. 


INTRODUCTION, 

SCOPE  OF  INVESTIGATION. 

This  paper  embodies  the  paleontological  and  some  geologicjal  re- 
sults of  recent  studies  in  the  Jurassic  of  El  Paso  County,  Tex.  It 
is  in  part  the  outgrowth  of  one  of  briefer  scope,  prepared  in  1897-98 
from  collections  and  data  obtained  by  me  in  a  reconnaissance  made  in 
1897,  and  supplemented  by  some  of  the  results  of  the  earlier  work  of 
Messrs.  Taff,  Wyschetzki,  and  Goodell,  as  explained  below.  In  its 
present  form  it  includes  also  the  study  of  two  collections  made  by  Dr. 
T.  W.  Stanton,  of  the  United  States  Geological  Survey,  as  noted  more 
particularly  elsewhere  herein. 

GEOGRAPHY-  OF  THE  REGION. 

In  El  Paso  County,  a  few  miles  north  of  the  Rio  Grande  and  75  to 
80  miles  southeast  of  El  Paso,  is  a  narrow  ridge  known  as  Malone 
Mountain.  Its  trend  is  nearly  north-northwest  and  south-southeast, 
and  is  nearly  continuous  with  that  of  the  northwestern  end  of  the 
Quitman  Mountains,  from  which  it  is  separated  by  an  interval  of  less 
than  a  mile.  At  the  eastern  base  of  the  mountain,  near  its  northern 
end,  on  the  joint  line  of  the  Southern  Pacific  and  Texas  Pacific  rail- 
ways is  the  flag  station  of  Malone,  which  has  an  elevation  of  4,262 
feet  above  sea  level."  Also  on  this  line  of  railway,  and  l^tween  2  and 
3  miles  west  of  the  north  end  of  Malone  Mountain,  is  Finlay  station. 
As  shown  by  the  Fort  Hancock  sheet  of  the  Topographic  Atlas  of  the 
United  States,  in  preparation  by  the  United  States  Geological  Survey, 
the  mountain  rises  to  somewhere  over  5,050  feet  above  sea  level,  and  so 
has  a  relative  altitude  of  about  800  feet.  On  either  side  of  the  moun- 
tain ridge  are  hills  that  are  geologically  related  to  the  mountain. 

o  GaDDett,  Henry,  Dictionary  of  altitudes  In  the  United  States,  third  edition  :  Bull. 
U.  S.  Geol.  Survey  No.  160,  1899. 
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10  MALONE   JURASSIC   FORMATION    OF   TEXAS.  [bull.  266. 

HISTORY  OF  CiKOLOOICAl.  STITDIRS. 

The  geological  observations  made  along  this  part  of  the  Rio  (jrande 
Valley  in  the  fifties  by  the  Mexican  Boundary  and  Pacific  Railway 
surveys  were  but  cursory,  and  did  not  specifically  include  the  Malone 
district,  and  the  first  serious  geological  study  within  the  district  was 
made  in  1890  by  the  Geological  Survey  of  Texas,  under  Mr.  E.  T. 
Dumble.  In  that  year  Mr.  J.  A.  Taff,  then  attached  to  Mr.  W.  H. 
von  Streeruwitz's  Trans-Pecos  division  of  that  survey,  studied  Malone 
Mountain,  and  Mr.  Ralph  Wyschetzki,  of  the  same  division,  collected 
a  few  fossils  from  the  hills  northeast  of  it.  In  the  second  annual 
report  of  the  same  survey,  issued  in  1891,  Mr.  Tatf  published  and  dis- 
cussed a  section  of  Malone  Mountain  and  descril)ed,  with  scant  allu- 
sion to  its  paleontology,  an  essential  part  of  the  Malone  formation, 
consisting  of  limestone,  gypsum,  and  flagstone  of  Malone  Mountain, 
which  he  called  the  "  Malone  l^ds.''  He  thus  virtually  recognized 
the  formation,  his  name  for  whi(*h,  as  the  earliest  proposed  for  it,  is 
here  retained;  but  he  erred  in  placing  it  in  the  Washita  Cretaceous 
division  together  with  his  Etholen  ami  Yucca  beds,  which  are  typi- 
cally seen  in  a  part  of  the  Etholen  Knobs  and  Yucca  Mesa,  and  are  of 
(Hen  Rose  age.  Mr.  TalT  also  correlated  the  sandstone  and  oyster- 
shell  breccia  of  the  p]tholen  Knobs  with  the  Malone  formation,  but 
these,  like  the  Jitholen  breccia-conglomerates  and  the  Yucca  beds,  be- 
long to  the  Glen  Rose*  alternating  beds. 

In  189**^  I  described  "  the  l)etter  part  of  a  small  collection  of  fossils 
which  Mr.  Wvschetzki  had  obtained  from  the  hills  northeast  of  Ma- 
lone Mountain.  Disregarding  for  the  moment  a  strong  suspicion 
that  these  fossils  were  Jurassic,  I  described  them  as  Cretaceous, 
since  the  time  and  material  then  available  were  tm)  limited  for  a 
conclusive  study,  and  since  it  was  thought  that  the  small  Malone 
fauna  then  known  had  one  six»cies  in  common  with  the  Cretaceous,  in 
Tri(/onf(f  taffii^  which  occurred  with  undoubted  Cretaceous  fossils  on 
Bluff  Mesa  and  was  supposed  to  have  been  found  in  the  Malone  dis- 
trict also.^  But  I  re^solved  to  take  up  the  question  at  the  first 
opportunity  that  should  offer. 

«A  contribution  to  the  Invertebrate  paleontology  of  the  Texas  Cretaceous:  Fourth 
Ann.  Kept.  (Jeol.  Survey  Texas,  pt.  2.  pp.  l-lv.  l.'?9-li4«,  and  Pis.  XXIV  -XLVI. 

*The  material  thus  treated  Included  six  new  species,  which  were  described  under  the 
following  names  :  .,-l?i(i /in a  toxta,  Curnlhra  transpcr'tsnisis,  C}fpnna  Htrrt'ruvitzii,  Trigonia 
vyschctzkii,  Trigonia  taffii,  and  Vrntis  viHlonvnsiH.  It  was  afterwards  found  that  Trigo- 
nia taffti  does  not  occur  at  all  In  the  Malone  formation,  but  Is  a  fossil  of  the  Glen  Rose 
alteruatlng  be<l8,  to  which  Bluflf  Mesa  l>elonj?s.  The  type  material  of  Trigonia  taffii  was 
described  (loc.  cit.,  p.  L*14)  as  having  come  in  part  from  Hluff  Mesa  and  In  part  from  the 
locality  of  Trigonia  riisctietzkii,  east  of  Malone.  It  Is  now,  however,  practically  certain 
that  the  nearly  complete  valve  from  Bluff  Mesa  alone  represented  Trigonia  taffii,  and  that 
all  of  the  fragmental  material  which  was  suppostnl  to  belong  to  this  species,  and  which 
was  from  the  Mabuie  locality,  l)elonKed — as  part  of  It  which  I  recently  had  opportunity 
of  reexamining  certainly  does — to  T.  rgsc/ivtzJcii.  All  of  the  very  diligent  collecting  done 
at  the  Malone  locality  by  Doctor  Stanton  and  myself,  while  showing  the  occurrence  of  T. 
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No  opportunity  for  further  investigation  of  the  Malone  fauna  was 
presented  until  1895.  In  March  of  that  year  the  late  Mr.  Robert  W. 
(xoodell,  assisted  by  his  father,  Mr.  R.  R.  Goodell,  made  a  journey  to 
Guaymas,  Mexico,  to  obtain  recent  marine  invertebrates  from  some 
rich  collecting  grounds  on  which  I  had  worked  in  the  winter  of 
1882-83.  In  returning,  he  very  kindly  undertook  to  visit  Sierra 
Blanca  and  Quitman  mountains,  Bluff  and  other  mesas,  and  the 
hills  north  to  east  of  Malone,  to  seek  further  evidence  concerning 
the  age  of  the  rocks  that  had  yielded  the  Wyschetzki  collection. 
From  the  Sierra  Blanca  Mountains  and  several  other  of  the  eleva- 
tions visited,  which  did  not  include  Malone  Mountain,  the  Messrs. 
Goodell  brought  back  a  large  numl)er  of  fossils,  all  of  which  were 
of  the  Comanche  series  save  those  from  the  hills  a  mile  and  a  half 
east  of  Malone  station.  Those  from  the  latter  locality  included, 
besides  several  of  the  species  obtained  there  by  Mr.  Wyschetzki  in 
1890,  some  specimens  which  the  writer  recognized  as  specifically 
identical  with  the  Mexican  Jurassic  fossil,  Plexiromyn  inconstans 
Castillo  and  Aguilera,  and  one  example  of  an  undescribed  Trigonia 
of  the  Jurassic  section  Undulata*.  A  restudy  of  Trigonia  nysehetz^m^ 
of  which  the  Messrs.  Goodell  had  obtained  new  material,  led  me  to 
the  conclusion  that  the  affinities  of  that  fossil  also  were  Jurassic 
rather  than  Cretaceous.  In  1890-97,  therefore,  I  prepared  a  brief 
paper  on  the  "  Discovery  of  marine  Jurassic  rocks  in  southwestern 
Texas,"  assigning  to  tlie  Malone  formation  a  stratigraphic  place 
somewhat  different  from  that  given  to  the  original  "  Malone  l)eds  " 
of  Mr.  Taff,  and  announcing  its  Jurassic  age.  Tliis  article,  which 
included,  from  the  field  notes  of  Mr.  Robert  W.  Goodell,  the  latter's 
section  of  the  hills  northeast  of  Malone  station,  was  published  in  the 
Journal  of  Geolog}',  Volume  V,  pages  818-820. 

It  was  noted  in  this  article  that  a  comparison  of  the  observations 
of  Mr.  Goodell  with  those  of  Mr.  Taff  seemed  to  show^  petrographical 
grounds  for  a  format ional  correlation  of  the  hills  northeast  of  Malone 
station  with  the  Malone  beds  of  Malone  Mountain.  Such  correla- 
tion, for  a  part  of  these  hills  and  a  part  of  the  mountain,  was  con- 
firmed paleontologically  by  me  in  August,  1897,  when  I  visited  El 

rp8chetzkii  In  profusion,  ha?  failed  to  yield  a  single  fragment  of  the  7'.  taffli.  On  the 
other  hand  the  fauna  with  which  T.  taffli  Is  associated  was  examined  by  Doctor  Stanton 
and  by  me  In  1897,  both  by  a  joint  excursion  to  Bluflf  Mesa  and  by  our  Independent 
examinations  of  the  W.  F.  Cummins  Red  Bull  Canyon  collection  In  the  museum  of  the 
Geological  Survey  of  Texas,  and  was  found  to  Include,  with  some  species  hitherto  unde- 
scribed, others  of  the  (Hen  Rose  Cretaceous.  * 

In  1894  Mr.  Cummins  made  a  collection  of  fossils,  including  Trigonia  taffli,  near  the 
southern  end  of  the  Quitman  Mountains,  labeling  it  **  Mule  Canyon."  An  excursion  to 
Mule  Canyon  was  made  by  Doctor  Stanton  and  myself  In  1897,  but  the  fosslliferous  roclcs 
In  its  vicinity  were  found  to  contain  Cretaceous  fossils  unlllce  those  collected  by  Mr. 
Cummins.  Further  search  by  Doctor  Stanton  In  1898  resulted  In  his  discovering  the 
locality  of  the  Cummins  collection,  which  was  found  to  be  Red  Bull  Canyon,  the  designa- 
tion, "  Mule  Canyon,"  having  been  used  by  Mr.  Cummins  on  his  labels  through  some 
Inadvertence. 
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Paso  County,  Tex.,  and  found  that  certain  fossils  were  common  to 
the  locality  a  mile  and  a  half  east  of  Malone  station  and  to  the 
southeastern  quarter  of  Malone  Mountain,  and  in  September  of  that 
year  and  in  the  summer  of  the  year  following,  for  the  mountain  in 
general  and  its  western  foothills,  by  Dr.  T.  W.  Stanton,  who  found 
for  these  and  the  eastern  foothills  an  essentially  common  fauna. 

I  arrived  at  Sierra  Blanca  station  August  19,  1897,  and  remained 
till  September  7,  reconnoitering  in  several  directions  from  that  sta- 
tion as  headquarters  and  giving  the  greater  part  of  my  time  to  the 
Malone  district.  I  examined  parts  of  the  eastern  slope  of  Malone 
Mountain,  from  which  also  T  obtained  a  few  fossils,  and  observed, 
from  the  southern  part  of  the  mountain  crest,  the  general  relations 
of  the  western  foothills.  Hut  it  was  to  the  eastern  hills,  as  includ- 
ing the  locality  that  had  yielded  the  interesting  fossils  to  Mr. 
Wyschetzki  and  the  Messrs.  G<M)dell,  that  1  gave  chief  attention; 
and  from  these  hills  T  made  a  large  collection  of  fossils.  The  we^stern 
slope  and  foothills  of  the  moimtain  T  was  unable  to  explore  for  lack 
of  time. 

On  September  2  Doctor  Stanton  reached  Sierra  Blanca  and  joined 
me  in  exploring  and  collecting  for  a  few  days,  both  in  Cretaceous 
localities  and  in  the  eastern  part  of  the  Malone  district.  Doctor 
Stanton  remained  in  the  field  after  my  departure  and  carried  recon- 
naissance further  westward  than  I  had,  examining  the  western  slope 
and  foothills  of  Malone  Mountain  and  making  a  section  of  the 
mountain.  In  the  summer  of  1898,  with  more  time  and  l)etter 
facilities  at  his  disposal  than  had  l)een  available  to  either  of  us  in 
1897,  Doctor  Stanton  returned  to  this  part  of  Texas  and  made  addi- 
tional collections  and  a  comprehensive  examination  of  the  Malone 
and  contiguous  territory.  Later,  with  the  consent  of  the  Director 
of  the  United  States  Geological  Survey,  Doctor  Stanton  very  gen- 
erously turned  over  to  me  for  study  and  description  all  of  the  marine 
fossils  collected  by  him  from  the  Maloiie  formation  in  his  two  expe- 
ditions. Doctor  Stanton's  geological  obsc»rvations  will  l>e  given  by 
himself  in  another  connection  herewith. 

The  types  collected  in  the  Malone  district  by  the  Geological  Survey 
of  Texas  in  1890  and  described  in  the  fourth  annual  report  of  that 
survey  have  in  part  been  loaned  to  the  United  States  Geological  Sur- 
vey by  Doctor  Dumble  and  used  in  preparing  this  paper.  Most  of 
the  species  thus  early  collected  are  rei)resented  by  ampler  material 
from  later  collections.  The  more  important  of  the  specimens  of  the 
Goodell  Malone  collection,  which  were  given  to  me  by  Mr.  Robert  W. 
Goodell  in  1897,  and  my  Malone  collection,  made  in  the  latter  year, 
have  recently  become  the  property  of  the  United  States  National 
Museum  and,  first  studied  in  the  summer  of  1898,  have  been  restudied 
in  connection  with  the  other  material.     The  material  on  which  these 
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paleontological  studies  are  based  therefore  includes,  with  the  excep- 
tion of  three  or  four  mislaid  specimens,  all  of  the  marine  fossils  that 
have  hitherto  been  collected  in  Te^as  from  rocks  of  the  Malone 
formation. 

GEOLOGY   OF   THE   REGION. 

All  of  the  fossils  described  in  this  paper  are  from  Malone  Moim- 
tain  and  neighboring  hills,  and  from  within  a  few  miles  of  the  rail- 
way stations  of  Malone  and  Finlay.  The  greater  number  were 
obtained  from  east  of  the  mountain,  in  the  range  of  low  hills  which, 
in  my  article  on  "  Discovery  of  marine  Jurassic  rocks  in  southwestern 
Texas,"  I  called  the  Malone  Hills. 

Beginning  about  half  a  mile  north  of  Malone  station,  and  in  part 
too  low  to  be  indicated  by  the  contour  lines,  with  50-foot  intervals, 
used  in  the  general  topographic  map  of  this  region,  these  hills  extend, 
trending  at  fii*st  about  eastward  and  later  more  southeasterly,  as  a 
practically  continuous  Jurassic  outcrop  through  the  Neocene,  for  a 
distance  of  a  mile  and  a  half.  At  a  mile  to  nearly  a  mile  and  a  half 
from  the  station  they  include  a  line  of  three  connected  hills  (C,  />, 
and  A\  on  PL  I,  in  order  of  divstance  from  the  station),  which  may 
l)e  called  the  Trio.  As  best  observed  on  the  southeastern  quarter  of 
hill  E^  the  Trio  geological  section  comprises  three  natural  subdivi- 
sions, the  lower,  middle,  and  upper  of  which  respectively  may  be 
designated  as  Theta,  Iota,  and  Kappa. 

The  Theta  subdivision  of  this  section  consists  chiefly  of  sandstone, 
with  occasional  courses  of  more  or  less  j-andy  varying  to  relatively 
pure  indurated  limestone  and  some  clay.  The  sandstone  and  clays 
are  of  a  gray  and  yellowish-brown  color,  sometimes  varying  to  pur- 
ple and  red.  The  purer  of  the  limestone  layers  have  a  bluish-black 
color,  weathering  to  gray  or  brown.  Bedded  and  irregular  seams  of 
white  cleavable  calcite,  sometimes  several  inches  thick,  here  traverse 
the  Theta  in  its  upper  part.     The  base  of  the  Theta  is  not  exposed. 

A  short  distance  southeast  of  hill  E  is  a  very  low  truncate  mound 
(F)^  from  which  the  Kappa  subdivision  had  been  removed  by  erosion 
before  the  prevalence  of  the  Neocene  waters  which  have  so  widely 
mantled  the  lower  levels  of  this  region  with  tufaceous  cements  and 
conglomerates.  The  mound  is  gently  synclinal  in  structure  and  con- 
sists of  a  few  feet  of  Iota  conglomerates  rising  rather  abruptly  from 
gentle  basal  slopes.  A  Theta  outcrop  of  only  a  few  acres,  lying  chiefly 
in  the  interval  between  hill  E  and  the  Truncate  mound,  but  extending 
also  around  the  latter  except  on  its  east  to  southeast  quarter,  and 
embracing  so  much  of  the  basal  slopes  of  both  elevations  as  has  been 
denuded  of  its  Neocene  mantle,  is  by  far  the  richest  collecting 
ground  in  the  Malone  district.  This  interval  is  of  anticlinal  struc- 
ture, the  strata  increasing  their  dip  from  either  the  neighboring  base 
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of  the  Trio  or  that  of  the  Truncate  mound  toward  a  common  line, 
the  axis  of  a  closed  fold,  where  they  stand  nearly  vertical,  and  where 
is  the  shallow  beginning  of  a  small  draw  that  deepens  to  the  north- 
ward. This  pinching  and  change  of  dip  make  difficult  a  close  esti- 
mate of  the  thickness  of  upper  Theta  strata  here  exposed,  but  it  does 
not  seem  probable  that  less  than  about  250  feet  of  these  can  have  been 
involved  in  the  exposed  portion  of  either  limb  of  the  fold. 

If  we  except  obscure  vestiges  of  fo^ils  in  the  Kappa  limestones 
and  fragmehts  of  Paleozoic  fossils  (partly  corals)  in  the  pebbles  of 
the  Iota  conglomerates,  the  fossils  at  this  locality  are  confined  to  the 
Theta  subdivision. 

A  very  few  forms,  two  or  three  of  them  identifiable  as  the  com- 
monest Malone  species,  were  collected  in  the  upper  part  of  the  Theta, 
chiefly  in  one  bed  of  slight  thickness,  at  a  spot  near  the  southwestern 
base  of  hill  C^  at  the  south  border  of  the  flat,  saddle-like  interval 
that  separates  the  Trio  from  the  w est-northwestward  continuation 
(^1,  ^)  of  this  hill  range.  In  the  immediate  vicinity  of  this  minor 
occurrence  of  fossils,  and  stratigraphically  lower,  is  a  small  exposure 
of  gypsum.  This  locality  is  only  about  half  a  mile  wast  and  a  little 
north  of  the  principal  collecting  ground  above  described. 

The  Iota  subdivision  of  the  Trio  section  consists  distinctively  of 
coarse  conglomerates,  in  six  or  more  IxhIs  1  to  8  feet  thick,  separated 
by  layers  of  relatively  soft  sandstone.  Many  of  the  pebbles  and 
cobbles  in  these  conglomerates  are  of  iron-stained  chert  and  siliceous 
limestone;  some  are  evidently  of  Paleozoic  derivation,  and  a  few  are 
of  white  quartz.  In  the  southeastern  slope  of  the  east  hill  of  the 
Trio  the  thickness  of  the  Iota  is  about  50  feet.  In  the  Truncate 
mound  a  considerable  part  of  the  original  thickness  has  been  removed. 
The  dip  of  the  Iota,  like  that  of  the  other  and  generally  much  dis- 
turbed members  of  the  Malone  formation,  is  extremely  variable  in 
amount  and  direction.  In  the  Trio  and  the  Truncate  mound  it  is 
usually  from  15°  to  25"^,  but  exceeds  the  latter  amount  in  places.  On 
the  southeastern  slope  of  the  Trio  its  direction  is  a  few  degrees  Avest 
of  north;  in  the  east  and  west  walls  of  the  Truncate  mound  ft  is, 
respectively,  west  and  east. 

At  the  isolated  hill  {G)  south  of  the  railway,  between  one-half  and 
three-fourths  of  a  mile  southeast  of  the  main  fossil -l)ea ring  locality, 
no  fossils  were  found,  nor  any  Malone  rocks  lower  than  Iota,  though 
the  typical  succession  of  conglomerates  of  the  latter  subdivision  is 
shown  there,  blanketed  by  Neocene  at  its  base. 

The  Kappa,  which  forms  the  upper  portion  of  the  Trio — about  40 
feet  in  hill  E — is  of  hard,  massively  bedded,  bluish-black,  calcite- 
seamed  limestone,  charged  with  irregular  segregations  or  impregna- 
tions of  silica  and  iron.    Much  of  it  is  cleft  into  large,  rectangular 
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blocks  by  weathering  along  joint  planes  and  l)e(l  planes  in  such  a 
manner  that  it  is  not  always  very  obvious  which  set  of  planes  repre- 
sents the  dip  except  as  this  is  indicated  by  underlying  strata.  It  is 
impossible  to  say  Avhat  thickness  it  may  have  had  here  formerly,  as 
an  unknown  part  of  it  has  l)een  removed  by  erosion. 

At  its  base  in  the  Trio  the  Kappa  limestone  presents  a  zone  several 
feet  thick,  composed  almost  wholly  of  spherical,  oval,  or  somewhat 
irregular  concretions,  from  1  to  3  or  4  inches  or  occasionally  more  in 
diameter.  They  consist  of  alternating  lighter  and  darker  layers, 
each  a  few  millimeters  thick,  and  sometimes  weather  uniformly  with 
the  matrix,  being  then  seen  in  si»ction,  or  are  harder  than  the  inclos- 
ing rock,  when  they  are  weathered  out  as  i>ebbles,  splitting  sometimes 
into  hemispheres  whicli  show  the  concentric  layers.  This  is  only  an 
exaggerated  sort  of  pisolitic  structure.  It  is  probabJe  that  this  hori- 
zon, like  others  of  the  Malone  formation,  is  variable,  and  that  piso- 
litic structure  is  only  locally  developed  in  it.  This  rock  is  very 
probably  similar  to  the  pisolitic  limestone  conglomerate  mentioned 
by  Mr.  Taff  as  constituting  No.  9  of  his  Malone  Mountain  section." 

A  reconnaissance  was  made  of  the  we^stern  segment  {A^  B)  of  the 
Malone  Hills,  consisting  chiefly  of  lime^stone  and  gypsum,  with  sand- 
stone at  its  western  end  (as  descrilwd  by  Mr.  Robert  W.  Goodell  in 
connection  with  his  section  of  the  Malone  Hills) ^  and  at  least  one 
remnant  of  ccmglonicrate  at  its  southern  border;  also  of  a  ridge  of 
quartzitic  sandstone,  appaivntly  l)^low  the  adjacent  g^^psum,  and 
which  forms  an  eastern  foothill  of  Malone  Mountain  at  the  southern 
end  of  the  mountain,  and  of  portions  of  the  eastern  slope  and  sum- 
mit of  the  mountain.  But  as  these  were  for  the  most  part  only  cur- 
sorily examined,  and  yielded  no  fossils  except  at  one  locality  in  the 
eastern  slope  of  the  mountain,  no  attempt  will  here  be  made  to  cor- 
relate positively  their  stratigraphic  subdivisions  with  those  observed 
at  and  southeast  of  the  Trio. 

Provisionally,  however,  it  may  l)e  said  that  if  the  gypsum  near  the 
southwestern  base  of  hill  C  represents  the  same  horizon  as  the  heavy 
l>ed  that  traversers  the  western  s(»gnient  of  the  Malone  Hills,  and  if  the 
latter  is  but  a  reappearance  of  the  great  gypsum  bed  the  upper  limit 
of  whose  outcrop  disaj)j>ears  by  descending  northerly  from  the  south- 
ern east  front  of  Malone  Mountain,  then  the  following  inferences 
would  apparently  be  reached : 

(1)  That  the  same  gypsum,  though  not  exposed  there,  probably 
underlies  the  highly  fossiliferous  sandstones  and  limestones  of  the 
Theta  at  the  east  end  of  the  Trio  and  at  the  Truncate  mound. 

(2)  That  the  well-stratified  limestones  and  the  massive  renniant  of 
conglomerate  lying  al)ove  this  gypsum  and  lK)rdering  it  on  the  south 


«  Second  Ann.  Kept.  OeQl.  Survey  Texas,  pp.  7*22,  723.  *  Jour.  Geol.,  vol.  5,  p.  817. 
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in  the  western  segment  of  the  Malone  Hills  would  represent  the  Theta 
and  the  Iota  in  that  quarter. 

(3)  That  the  conglomerates  above  the  gypsmn  in  the  east  face  of 
Malone  Mountain,  at  the  southern  end  of  the  mountain  and  at  the 
transverse  anticline  a  mile  farther  north,  would  represent,  in  part  at 
least,  the  Iota. 

(4)  That  the  Theta  in  the  eastern  slope  of  the  mountain  at  its 
southern  end  would,  if  present,  belong  about  at  the  summit  of  the 
gypsum,  and  that  it  either  has  l)een  removed  by  erosion  during  the 
formation  of  the  conglomerates  or  is  possibly  represented  there  by 
the  upper  part  of  the  gypsum  itself. 

The  fossils  obtained  by  me  from  the  eastern  slope  of  the  mountain 
were  found  in  a  ravine  at  the  base  of  the  mountain,  in  a  horizon  of 
impure  limestone,  at  the  passage  from  conglomerates  like  those  of  the 
Iota  to  limestones  like  those  of  the  Kappa,  fonning  part  of  an 
obliquely  transverse  anticline  about  a  mile  north  of  the  southern  end 
of  the  mountain;  those  collected  at  the  latter  locality  by  Doctor  Stan- 
ton were  obtained  in  part  from  limestones  somewhat  higher  in  the 
anticline. 

DISTRIBUTION   OF   FOSSILS   IN    MALONE   DISTRICT. 

A  large  number  of  the  fossils  herein  described  will  be  found 
recorded  as  having  been  collected  by  Doctor  Stanton  at  a  number  of 
points  on  or  near  Malone  Mountain,  especially  on  the  western  slope 
and  foothills.  The  great  majority  of  these  had  previously  been  found 
at  the  notable  locality  east  of  Malone,  but  several  will  be  found  listed 
from  the  mountain  or  its  western  foothills  only.  Among  these  are 
the  Nautilus,  a  few  other  MoUusca,  and  the  two  echinoderms. 

How  prolific  the  Malone  formation  is  in  fossils  at  the  several  col- 
lecting stations,  and  how  much  the  original  Malone  Hills  locality 
excels  the  others,  may  be  seen  by  the  following  lists: 

OCCURRENCE   OF   SPECIES   BY    LOCALITIES. 

LocAUTY  No.  1. — Theta  snhdivitiUm  of  the  Trio  section  in  the  Malone  Hills^  IJ 
miles  east  of  Malone  railway  station. 

Astroooenia  maloniana.  PI  lea  tula  sportoUa. 

Serpula  gordlalls.  Llmft   (Radula)   interllneata. 

Serpula  sp.   (large).  Lima   ( Ctenostreon )   rlograndensis. 
8erpula  sp.   (smaH,  with  annular,  fill-      Peeten  insutns. 

form  costellff*).  Gervillia  cornigata. 
Berenicea  maloniana.                                  ■  Mytilus  nuntius. 

Ostrea  sp.  Modiola  maloniana. 

Ory4)hflPa  moxicana.  Pinna  quadrifrons. 

Exogyra  subpllcifera.  Area?  dumbli. 
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Arcataffli. 

Cucullwa  catorcensis. 
Cucullfea  textlcostata. 
CucuII«ea  trangpeeosensis. 
Leda?  navlcula?. 
Trlgonla  ealderoni. 
Trlgonla  confertleostata. 
TrIgoDia  goodellii. 
Trlgonia  munita. 
Trlgonla  proscabra. 
Trlgonla  rudlcostata. 
Trlgonla  vyschetzkll.  '  ^ 
Astarte?  craticula. 
Astarte?  Isodontoides. 
Astarte  malonensls. 
Astarte  nilcrophyes. 
Astarte-  postlcalva. 
Ptychoniya  stantonl. 
Lucina?  mexieana. 
Lueina  potosina. 
Lucina  potosina,  yar.  uietrica. 
Unlcardlom  semirotundum. 
Unicardium  transversum. 
(^yprina  coterol. 
Cyprlna?  streeruvitzli. 
Ta|>es?  enneovatus. 
Pboladomya  marcoul. 
Pboladomya  pauclcosta. 
Pboladomya  prseposita. 
Pboladomya  tosta. 
Pleuromya  Inconstans. 


Pleuromya  Inconstans,  var.  curta. 
Anatina  obliquiplicata. 
Anatina  plictilifera. 
Tbracia?  malonlana. 
Martesia?  malonlana. 
Pleurotomarla  circumtninca. 
Turbo?  beneclatbratus. 
Delpblnula  stantonl. 
Nerlta  nodi II rata. 
Nerlta  peroblata. 
Vermetus  cornejol. 
Natica  bllablata. 
Natica  inflecta. 
Natica  wllllamsl. 
Cbemnltzia  goodellii. 
Nerlnea  circumvoluta. 
Nerlnea  goodellii. 
Nerlnella  stantonl. 
Cerltbium  arculferum. 
Acteeonlna?  malonlana. 
Oppella?  fallax. 
Olcostepbanus  malonlanus. 
Perlspblnctea  fellxl. 
Perlspblnctes  potoslnus. 
Perlspbinctes  scbueberti?. 
Aspldoceras  alamltocensis. 
Pycnodont  fish  tooth. 
Cycloid  fish  scales. 

Enallosaur   (fragments  of  bones,  indi- 
cating animal  of  considerable  size). 


Locality  No.  2. — South  border  of  flat  saddle,  trest  of  the  Trio,  about  a  mile  east 
of  the  Ualone  railway  station. 


Trlgonla  vyschetzkll. 
Astarte  malonensls. 


Pleuromya  Inconstans?. 


Locality  No.  3. — Anticline  in  east  slope  of  M alone  Mountain,  about  a  mile  north 

of  the  southern  end. 


Holectypus?  sp. 
Serpula  gordialls. 
Orjplupa  mexieana. 
Kxogyra   subpilclfera 

of). 
Modlola  malonlana. 
CucuUfipa  catorcensis. 
Leda?  navlcnla. 
Astarte  malonensls. 

Bull.  266—05  M- 


Unicardlum  semirotundum. 
Unicardium  transversum. 
Pleuromya  Inconstans. 
(probable  casts     Martesia  malonlana. 
Turrltella  burkartl. 
Cbemnltzia  goodellii?. 
Nerlnella  stantonl. 

Selachian   (fin  spine  of  indeterminate 
genus). 
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Locality  No.  4. — About  a  milco  east  of  the  railway  station  of  Finlay;  apparently 
about  the  same  horizon  as  the  locality  next  below  mentioned. 

Gryphipa  niexlcana.  *         Trigonia  proscabni?.* 
Lima  iuterllneata.  Astarte  malonensls. 

Peoten  insutus.  Unlcardlum  transversum* 

Modiola  geniculata.  CbemDitzia  goodellii. 

Modiola  maloniana.  Nerinella  stantoni. 

Trigonia  calderonl. 

Locality  No.  5. — Foothilln  near  the  railroad,  at  northwestern  end  of  Malonr 
Mountain,  a  little  over  2  miles  east-southeast  of  Finlay  station,  not  more  than 
200  feet  above  the  gypsum  bed;  total  exposure  above  gypsum  bed  h^tr^  540 
feet;  fossils  all  from  middle  hundred  feet. 

Cuculliea  castlllol.  Natica  flnlayeimis. 

Lucina  potosina,  var.  iiietrlca.  Natk*a  liifle<»ta. 

Luclna  planluscula.  Nautilus  naufragas. 

Unlcardlum  semlrotundum.  Opiielia  fallax?. 

Pholadomya  paucleosta.  Perisphlnctes  schucherti. 
Nerlta  finlay ensls. 

Locality  No.  6. — First  high  ridge  west  of  Malone  Mountain,  about  2  miles  trest 
of  Malone  station,  in  No.  13  of  Doctor  Stanton" s  Malone  Mountain  section. 

Grypha?a  mexicana.  Astarte  malonensls. 

Pecten  insutus.  Pleuromya  Inconstans. 

Trigonia  munlta. 

Locality  No.  7. — West  of  the  north  part  of  Malone  Mountain,  about  2  miles 
southwest  of  Malone  station,  in  No.  13  of  Doctor  Stanton's  Malone  Mountain 
section. 

Gryphtea  mexicana.  Martesia  maloniana. 

Pecten  insutus.  Chemnltzla  goodellli. 

Astarte  malonensls.  Nerinella  stantoni. 

Unlcardlum  semlrotundum.  Nautilus  burkarti?. 

Pleuromya  inconstans.  Perlsphinctes  clarkl. 

Locality  No.  8. — At  same  locality  as  the  preceding,  but  from  a  horizon  220  feet 
higher,  viz,  No,  25  of  Doctor  Stanton's  Malone  Mountain  section, 

Pygurus  sp.  Pinna  quadrlfrons. 

Gryphiea  mexicana.  Pleuromya  inconstans. 

Locality  No.  O. — West  base  of  Malone  Mountain,  a  short  distance  north  of  the 

southern  end.c 

Grypljjpa  mexicana.  Pinna  quadrlfrons. 

Exogyra  iK)tosina   (broadly  triangular  Pboladomya  cf.  marcoul. 

pbase).  Pleuromya  inconstans. 

Gervillia  Cinderella.  Pleuromya  Inconstans,  var.  curta. 

Gervillla?  riograndensls.  Corbula?  maloniana. 


"  Somethlns  more  tlian  this  distanoo.  a  Htllo  souMi  of  east. 

ft  A  oast ;  It  may  possibly  represent  T.  pvwKtriata. 

*•  On  this  collecting  station,  having;  previously  referred  In  bis  field  notes  to  a  fresh- 
watef  limestone  75  to  100  feet  below  a  quartxltlc  conglomerate  at  top  of  Malone  Moun- 
tain a  short  distance  north  of  Its  southern  end.  Doctor  Stanton  commentB  as  follows: 
*'  In  the  field  this  was  believed  to  l>e  between  the  fresh-water  horizon  and  the  quartzftic 
conglomerate  above  mentioned.  It  Is  certainly  several  hundred  feet  above  a  horizon  of 
the  Oryphw  mexicana  and  Nerlnea." 
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I>ocAUTY  No.  10. — Foothill  went  of  Ualone  Mountain,  about  2  miles  north  of  its 
southern  end;  possibly  same  horizon  as  that  of  the  preceding  locality. 

Gryphfipa  mexioana.  Astarte  malonensis?. 

Exogyra  potoslna  (narrower  pbafiie).  Luelna  poto8ina,  var.  metrlca. 

Peoten  Insutua  Plearomya  inconstans. 

Pinna  quadrifrons.  Perispblnctes  aguilerai. 

I>ocAi.rrY  No.  11. — Near  southern  end  of  Mulone  Mountain,  west  face,  near  top; 
stratigraphic  relation  obscure. 

Trlgonla  niunita.  Xerlnea  goodellil. 

Locality  No.  12. — Conglomerate  on  west  face  and  near  top  of  Malone  Mountain. 

Trlgonla  goodellll?  (cHHt,  larger  tUan  other  8[>eclnien8  of  this  h|).) 

Locality  No.  Vi.—East  slope  of  Malone  Mountain  near  the  southern  end;  200 
or  soot  feet  above  the  gypsum, 

Grypha»a  mexirana.  Op|)elia  fallax?. 

Trigonia  pnestriata.  Perisphinctes  clarki.. 

AGE   OF   MALONE    FAUNA. 

The  affinities  of  its  fauna  clearly  refer  the  Malone  formation  to 
the  Jurassic.  The  only  evidence  that  at  first  thought  might  seem 
discordant  is  the  occurrence  of  the  genus  Ptychomya,  which,  with  one 
or  two  doubtful  exc<»ptions,  has  not  been  recorded  hitherto  from  rocks 
older  than  the  Cretaceous.  But  when  it  is  rememl)ered  that,  of  the 
Cretaceous  Ptycl)omyas,  only  one  species  occurs  later  than  the  Lower 
Cretaceous  (Neocomian  and  Gault)  and  that  this  one,  the  Pt,  zitteli 
of  the  western  Alps,  is  from  the  Turonian,  no  species  occurring  in  the 
higher  (Senonian  and  Danian)  stages  of  the  (^n»taceous,  the  occur- 
rence of  one  or  two  species  of  Ptychomya  in  the  upper  part  of  the 
Jurassic  is  only  that  which  it  would  Ix^  reasonable  to  anticipate. 
This  genus  occurs  at  Chilian,  Chile,  in  rocks  of  debatable  age,  and  it 
is  thought  by  Doctor  Steinmann  to  have  be<m  derived  there  possibly 
from  the  same  bed  that  yielded  his  Trigonia  traiiHitoria^  from  which 
T,  vyschetzkii  is  scarcely  distinguishable.  The  T,  tranmtoria  occurs 
also  at  Caracoles,  Bolivia,  where,  on  the  basis  of  the  kind  of  rock 
attached  to  the  specimen.  Doctor  Steinmann  supposes  it  to  hail  from 
the  Lower  Cretaceous;  but  nearly  all  of  the  Mesozoic  fossils  that  he 
lists  from  Caracoles  he  considers  Jurassic. 

The  sections  rndulattv  and  VoHiai(v^  to  which  several  of  the  Malone 
Trigonias  belong,  are  exclusively  Jurassic,"  and,  if  we  except  Tri- 

•By  PIctet  and  Camplche  (Pal.  Suisse;  Terr.  Cret.  de  St.  Croix,  p.  360.  1866)  and 
Stoliczka  (Pal.  Indira;  Cret.  Faunn  S.  Ind.,  vol.  .1.  p.  311.  1871),  the  section  Vndu- 
lat4E  is  said  to  Include  some  Cretaceous  species,  but  by  later  authorities  it  Is  cited  as 
exclusively  Jurassic.  Thus  It  occurs,  accordlnp  to  Zittel's  Handbucb  (1881-1885)  *' Nur 
In  Jura;'*  and  according  to  Steinmann  and  DOderleln's  Elemente  (1890),  *' Oberer  Lias — 
Oberer  Malm." 
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gonia  pra^ntriata — represented  by  a  single  somewhat  imperfect 
mold — none  of  the  Malone  Trigonias  agree  perfectly  with  generic 
sections  hitherto  known  from  Cretaceous  rocks,  exclusively."  The 
genus  Trigonia  is  moreover  generally  considered  one  of  the  best  of 
the  Lamellibranch  genera  for  purposes  of  stratigraphic  diagnosis. 

But  it  is  to  the  ammonites  that  we  must  look  for  the  strongest 
evidence  of  geologic  age,  these  being  generally  regarded  as  the  most 
critical  of  molluscan  fossils  as  guides  to  stratigraphic  correlation. 
And  here,  too,  the  evidence  is  clearly  conclusive  of  Jurassic  age. 
Though  several  of  the  genera  are  common  to  the  Jurassic  and  Cre- 
taceous systems,  all  of  the  known  European  analogues  in  species  and 
subgeneric  groups  are  Jurassic.  The  ammonitic  genus  of  most  fre- 
quent occurrence  in  the  Malone  is  Perisphinctes,  which  is  common 
to  the  two  systems,  but  is  almost  exchisively  Jurassic.  Of  the  366 
known  species  of  this  genus  ^  only  four,  described  by  Neumayr  and 
Uhlig  from  the  upper  Neocomian  of  Saltzgitter,*^  are  Cretaceous; 
and  these  belong  to  a  group  w^hich  the  Perisphinctes  si)eeies  of  the 
Malone  formation  do  not  at  all  approach.  On  the  contrary,  the 
species  of  Perisphinctes  to  which  those  of  Malone  show  the  closest 
affinities  are  those  of  the  Tithonian. 

It  should  be  noted  that  while  some  of  the  molluscan  fossils  other 
than  ammonites  seem  to  indicate  Kimmeridgian,  or  earlier  than 
Tithonian  age,  this  is  more  or  less  offset  by  the  presence  of  the  ordi- 
narily Cretaceous  genus  Ptychomya. 

IX)CAraTIES   OF   RELATED    FAUNAS. 

The  only  localities  which  present  rocks  known  to  correspond  more 
or  less  closely  with  those  of  the  Malone  formation  are  in  Mexico. 

In  the  descriptive  part  of  this  paper  it'  is  noted  that  some  of  the 
fossils  of  the  Malone  formation  are  identical  with  some  of  those  of 
the  Alamitos  beds,  descril>ed  by  Castillo  and  Aguilera  as  occurring 
at  the  Sierra  de  Catorce  in  San  Luis  Potosi,  and  that  others  agree 
with  species  described  by  Doctor  Felix  from  the  Cerro  de  Titania  in 
Oaxaca.  The  number  of  forms  at  present  known  to  be  common  to 
the  Malone  and  the  Alamitos  is  so  considerable  that  there  can  be 
little  doubt  that  these  two  names  represent  approximately  the  same 
horizon.  The  ammonites  of  the  Alamitos,  like  those  of  the  Malone, 
are  of  Titonian  affinities. 


■  Doctor  Stanton,  however,  places  Trigonia  proscahra  In  the  Scabrs,  and  qnestlons 
whether  T.  caUleroni  be  not  referable  to  that  section  also  rather  than  to  the  Undulatsp. 

•  In  the  body  of  his  recent  Monograph  of  Perisphinctes,  Slemlradzkl  treats  363  species 
of  this  genus.  In  Its  supplement,  of  a  large  number  of  additional  alleged  new  species 
cited  as  described  by  De  RIas  and  Tornqulst  In  1898,  he  Identifies  all  but  three  with 
species  previously  known,  so  that  the  number  of  species  recognized  by  Slemlradzkl  In 
the  early  part  of  1899  was  366. 

o  ITeber  Ammonlten  aus  den  Hllsblldungen  Norddeutschlands ;  Paleontographica,  Bd. 
XXVll,  1881. 
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The  number  of  fossils  known  from  the  Jurassic  of  the  Cerro  de 
Titania  is  small,  but  indicates,  so  far  as  it  goes,  a  position  high  in 
the  upper  Jurassic  series,  as  shown  by  Doctor  Felix;  and  it  is  at 
least  worthy  of  note  that  of  the  few  lamellibranchs  known  froni 
these  rocks,  Exogyra  Huhplicifera  and  Gryphcea  mexicana  occur 
also  at  Malone,  Antarte  inicrophyea  may  lx»  the  same  as  .1.  hrexiacola^ 
and  the  large  Trigonia  sologureni^  known  only  from  the  cast,  may  yet 
prove  to  be  identical  with  the  Malone  species,  T,  ryHfhetzkii^  when  the 
details  of  its  shell  come  to  light. 

Besides  the  Malone  district,  the  Sierra  de  Catorce,  and  the  Cerro 
de  Titania,  several  other  localities  in  Mexico  have  yielded  fossils  of 
the  Malone  formation.  Thus  a  Perisphinctes,  suppo^fed  to  be  related 
to  the  European  P,  balderm^  is  apparently  common  to  the  Theta  and 
the  Alamitos  and  is  reported  from  Tutotepec  also,  in  the  State  of 
Puebla,  by  Castillo  and  Aguilera;  and  by  the  same  writers  Peri- 
aphinetcs  mazapilensin  and  Ha  place  vas  rnazapilerms  are  recorded 
from  the  Alamitos  and  from  the  Sierra  de  Zuloaga,  in  Zacatecas. 

A  number  of  Mexican  Jurassic  localities  besides  those  here  men- 
tioned are  given  in  Aguilera's  *'  Sinopsis  de  Geologia  Mexicana ; "" 
but  these  are  little  known,  and  at  some  of  them  the  rocks  l)elong,  at 
least  in  part,  to  the  lower  Jurassic.  It  is,  however,  interesting  to 
note  that  the  Jurassic  district  of  Malone  is  in  the  continuation  of  the 
belt  along  which  are  scattered  all  or  nearly  all  of  the  Jurassic  tracts 
shown  on  the  geological  map  of  Mexico  of  1897  published  with  Nos. 
4-f)  of  the  Boletin  del  Instituto  Geologico  de  Mexico. 

It  is  not  improbable  that  rocks  nearly  related  to  the  Malone  occur 
in  South  America.  As  shown  in  the  discussion  of  that  sj)ecie.s, 
Trigonia  ryHchetzkii  is  very  close  to  the  Andean  fonn,  T.  tra?i^iforia 
Steinmann,  a  species,  whose*  precise  geological  position  has  hitherto 
been  doubtful,  but  which  the  evidence  from  the  Malone  district  tends 
to  show  probably  l>elongs  to  the  upi>er  Jurassic. 

AC  K  N  O  WLEIX  J  M  E  N  T8. 

I  wish  to  acknowledge  my  indebtedness  to  all  of  those  mentioned 
elsewhere  herein  as  having  contributed  directly  or  indirectly  to  the 
success  of  this  study.  The  kind  services  of  the  Messrs.  Goodell  were 
of  especial  value,  as  furnishing  the  first  fairly  conclusive  indftation 
of  the  Jurassic  age  of  the  Malone  formation.  To  the  Hon.  Charles 
D.  Walcott,  Director  of  the  United  States  Geological  Survey,  and 
to  Mr.  (Charles  Schuchert,  Curator  of  Invertebrate  Paleontology  in 
the  United  States  National  Museum,  I  am  indebted  for  important 
aid.     I  am  under  obligations  also  to  Mr.  John  N.  Gilcrease,  Mr. 

"Id  Bo8<]ueJo,  (>eoloRfa  de  Mexico:  Boletin  del  Instituto  (ieologico  de  Mexico,  Nus. 
4-0.  pp.  187-250. 
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Charles  M.  Wilson,  and  Mr.  John  W.  Williams  for  favors  rendered 
while  I  made  headquarters  at  Sierra  Blanca,  and  particularly  to 
Mr.  Williams,  who  showed  much  interest  in  the  Malone  investiga- 
tion, assisted  in  collecting,  and  facilitated  the  field  work  in  every 
possible  way,  contributing  in  no  small  measure  to  its  success.  I  deem 
it  but  simple  justice  to  Doctor  Stanton,  and  at  the  same  time  a  pleas- 
ure, to  state  that  I  owe  very  much  indeed  to  his  full  and  generous 
cooperation  in  promoting  every  desired  use  of  the  collections  under 
his  charge,  and  in  holding  at  my  service  a  splendid  knowledge  of 
Mesozoic  conchology  and  its  literature  and  methods.  And,  finally,  it 
is  also  due  to  Prof.  William  Bullock  Clark,  head  of  the  geological 
department  of  Johns  Hopkins  University,  to  add  that  without  his 
efficient  planning  of  it  as  a  whole,  this  contribution  to  American 
Jurassic  paleontology  could  have  been  undertaken  at  this  time,  if  at 
all,  only  under  far  greater  limitations,  both  as  to  scope  and  as  to 
facilities  for  research. 
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STRATIGRAPHIC  NOTES  ON  MALONE  MOUNTAIN 
AND  THE  SURROUNDING  REGION  NEAR  SIERRA 
BLANCA,  TEX. 

By  T.  W.  Stanton. 


GENERAL    REMARKS. 

It  has  been  deemed  advisable  to  supplement  Professor  Cragin's 
paleontological  paper  by  a  brief  account  of  the  general  geology  of 
the  region  in  which  his  Jurassic  fauna  occurs.  The  data  here  pre- 
sented were  obtained  in  1897  and  1898  during  two  reconnaissance  trips 
undertaken  for  the  purpose  of  unraveling  the  obscure  Cretaceous 
section  of  the  Sierra  Blanca  region  and,  if  possible,  of  determining 
the  stratigraphic  relations  of  the  Malone  Jurassic  with  the  Cre- 
taceous, as  well  as  of  making  collections  from  all  of  the  fossiliferous 
horizons  of  the  region.  The  stratigraphy  of  the  Cretaceous  was 
determined  fairly  well,  several  fossiliferous  horizons  in  the  Jurassic 
of  Malone  Mountain  were  established,  and  interesting  collections  of 
fossils  were  obtained  from  both  the  Cretaceous  and  the  Jurassic,  but 
the  rocks  of  the  two  systems  were  not  found  associated  in  the  same 
continuous  section,  and  their  stratigraphic  relations  were  not  defi- 
nitely determined. 

In  1897  two  weeks  were  spent  at  Sierra  Blanca  station  examining 
the  outcrops  within  a  few  miles  of  that  station  and  one  excursion 
was  made  25  miles  southward,  to  the  Rio  Grande.  In  1898  a  month 
was  spent  in  the  region  working  with  a  wagon  and  camp  outfit,  but 
even  then  many  points  could  not  be  conveniently  reached  nor  thor- 
oughly studied  because,  on  account  of  the  scarcity  of  water  and  of 
roads,  camping  places  were  limited  in  numl>er.  The  area  examined 
comprises  parts  of  the  Fort  Hancock,  Sierra  Blanca,  and  Eagle 
Mountain  quadrangles,  as  mapped  by  the  United  States  Geological 
Survey,  extending  from  the  Finlay  Mountains  on  the  north  to  the 
Rio  (Jrande  on  the  south  and  from  the  we.stern  foothills  of  Malone 
and  Quitman  mountains  to  Devils  Ridge  and  Eagle  Mountnin  on  the 

east. 
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The  region  as  a  whole  is  characterized  by  rugged  hills,  ridges,  and 
mountain  masses  rising  abruptly  from  broad  valley  plains  which  are 
filled  to  an  unknown  depth  with  coarse  Tertiary  (?)  deposits  that 
obscure  the  structure  of  the  older  rocks  beneath  them.  The  general 
strike  of  the  uplifted  strata  is  northwest  and  almost  all  the  smaller 
hills  and  ridges <are  monoclinal,  with  beds  generally  dipping  south- 
west. In  describing  the  Cretaceous  deposits  of  this  region  in  1891, 
Mr.  J.  A.  Taff"  thought  that  the  beds  exposed  north  of  the  Sierra 
Blanca  station  are  the  oldest  and  that  successively  newer  beds  are 
found  to  the  southwest  except  that  there  is  some  repetition  by  fault- 
ing. This  opinion  was  based  on  the  general  posture  and  geographic 
relations  of  the  beds  and  on  the  lithologic  similarity  of  certain  con- 
glomerates and  limestones  in  the  Jurassic  and  the  Cretaceous.  The 
characteristics  of  the  faunas  involved  were  then  practically  unknown. 
It  will  be  shown,  however,  that  the  real  succession  of  strata  is  very 
different  from  that  given  in  Mr.  TaflF's  published  section,  the  oldest 
Mesozoic  rocks  being  found  in  Malone  Mountain.  Mr.  Taff  briefly 
discussed  the  folding  and  faulting  that  is  common  throughout  the 
region  and  that  is  doubtless  often  present  under  the  debris  of  the  val- 
leys as  well  as  in  the  mountain  masses.  It  would  require  much  more 
time  and  study  than  has  yet  been  given  to  this  area  to  work  out  all 
its  details  of  structure,  which  is  further  complicated  by  many  intru- 
sive masses  of  igneous  rock  in  all  the  larger  uplifts  except  Malone 
Mountain. 

MALONE    MOUNTAIN    AND   THE   JURASSIC. 

The  strata  bearing  the  Jurassic  fauna  described  by  Professor  Cra- 
gin  have  l)een  found  only  in  Malone  Mountain  and  the  adjacent 
valleys.  The  Malone  Mountain  uplift  extends  from  the  Southern 
Pacific  Railway  near  Finlay  station  about  5  miles  in  a  southeasterly 
direction  and  ends  abruptly  a  few  hundred  yards  from  the  north- 
westerly extremity  of  the  Quitman  Mountains.  Malone  station, 
which  is  18  miles  by  rail  from  Sierra  Blanca  station,  is  at  its  eastern 
basi*  a  little  north  of  the  middle.  From  this  direction  the  mountain 
looks  like  a  simple  unbroken  ridge,  but  on  the  southwest  side  it  is 
deeply  dissected  by  both  transverse  and  longitudinal  valleys. 

The  general  structure  S4*ems  to  consist  of  a  syncline  along  or  east 
of  the  crest  of  the  principal  ridge,  with  an  anticline  in  the  valley  and 
subordinate  ridges  of  the  west  slope.  There  are  also  several  minor 
folds,  often  beautifully  shown,  and  doubtless  some  faulting.  Toward 
the  southern  end  of  the  mountain  a  small  anticline  is  developed  on 
the  eastern  slope.  Mr.  Taff  has  published  a  figure  of  the  Malone 
Mountain  section  ^  showing  these  general  structural  features.    He  has 


•  Second  Ann.  Rept.  Geol.  Survey  Texas,  pp.  714-738.     *  Idem,  PI.  XXVI I. 
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also  described  **  the  succession  of  strata  in  the  middle  section  of  the 
mountain,  which  agree  in  the  main  with  my  observations,  though 
both  structure  and  exposures  vary  greatly  in  different  parts  of  the 
uplift. 

The  most  complete  section- that  I  observed,  in  which  the  thicknesses 
were  estimated  with  some  care,  extends  across  the  moimtain  from  a 
I)oint  on  the  east  side  about  one-half  mile  south  of  Malone  station. 
The  eastern  face  of  the  mountain  shows  an  apparent  thickness  of 
about  1,200  feet  of  blue  and  gray  limestones,  with  a  few  inter- 
calated beds  and  bands  of  conglomerate  and  sandstone,  the  beds  all 
dipping  strongly  westward  with  increasing  dips  until  they  becoirie 
vertical  on  the  crest.  On  the  west  slope  there  is  a  succession  of  lime- 
stones, conglomerates,  and  gj^psum  beds,  nearly  vertical  and  not  well 
exposed,  and  farther  down  these  are  apparently  repeated  with  a 
westerly  dip,  overlain  by  conglomerates,  limestones,  etc.,  fairly  well 
exposed  and  not  much  disturbed  in  the  lower  ridges  to  the  west. 
The  gypsum  beds  and  the  limestones  immediately  associated  with 
them  appear  to  be  the  oldest  rocks  exposed.  The  following  section 
begins  with  what  was  supposed  to  be  the  lowest  gypsum  bed,  but  on 
account  of  complex  structure  and  obscure  exposures  the  succession 
and  thickness  of  the  first  five  members  are  somewhat  uncertain. 

Section  of  Jurassic  beds  on  west  side  of  Malone  Mountain,  near  Malone  station 

(Section  I  of  map). 

Feet. 

1.  Gypsum,  not  weU  exposed,  about 100 

2/ Calcareous  .oonglomerate,  almost  vertical 45 

3.  Mostly  covered;  limestone  l)elow,  gypsum  above  (dip  variable,  west- 

ward), alKjut 200 

4.  Altered  and  fissured  limestone 125 

.5.  Oyiisum,  not  well  exi)osed 100 

(».  Siliceo-caleareous   sbale   40 

7.  Limestone   20 

8.  (k»vered   (shale?)   100 

f).  Blue  limestone,  with  tiraces  of  fossils 2 

10.  Covered   15 

11.  Arenaceous  limestone ^-  1 

12.  Covered  10 

13.  Blue  limestone,  with  the  Malone  fauna 2 

14.  Covered 10 

15.  Limestone 1 

10.  Covere<l 8 

17.. Thin-bedded   limestone  and  shales 20 

18.  Calcareous  conglomerate   15 

19.  Limestone  with  Pleuromya  and  Orypha*a 15 

20.  (^vered 10 

21.  Calcareous  conglomerate   15 

•  Idem,  pp.  722-723. 
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Feet. 

22.  Limestone  with  fragmentary  fossils  (Ammonites,  etc.) 10 

23.  Calcareous   conglomerate 15 

24.  Covered    lOO 

25.  Limestone  with  Grypha*a,  Pinna,  Trigonia,  etc 15 

26.  Covered  in  talus  slope _• 150 

27.  Thin-l>edded  brown  sandstone  with  bands  of  conglomerate  and  con- 

taining a  small  Ostrea,  Nerinea.  and  a  few  other  fossils,  iK>orly 

preserved    25 

28.  Massive,  gray,  calcareous  sandstone lO 

29.  Gray  limestone  forming  a  prominent  ridge Ht250 

30.  Brown  conglomerate,  comi)osed  mostly  of  quartzlte  and  chert  pebbles.  40 

31.  Blue    limestone 100 

This  is  uncomformably  overlain  by  the  unconsolidated  Tertiary  or 
Pleistocene  conglomerates  of  the  plains  on  the  west. 

The  main  ridge  of  Malone  Mountain  on  the  line  of  this  section 
seems  to  be  made  up  of  Nos.  29,  30,  and  31,  with  perhaps  some  higher 
beds,  all  repeated  by  the  synclinal  fold. 

Nos.  13  and  25  each  yielded  fossils,  some  of  which  are  specifically 
identical  with  forms  occurring  at  Professor  Cragin's  principal 
locality  for  the  Malone  Jurassic  fauna,  and  the  fossils  mentioned 
in  other  bands  (Nos.  9,  19,  22,  and  27)  evidently  belong  to  the  same 
fauna. 

Some  bands  in  the  limestone  No.  29  yielded  a  few  fossils  that 
seem  to  be  fresh-water  forms — small,  simple  gasteropods,  resembling 
Viviparus.     Similar  forms  were  seen  in  No.  31  also. 

Near  the  south  end  of  Malone  Mountain  the  same  horizon  in 
No.  29  yielded  some  small  bivalves  with  the  external  features  of  Unio 
associated  with  the  gasteropods.  Conglomerate  No.  30  of  the  section, 
however,  contains  marine  fossils,  including  Ammonites,  Exogyra, 
and  s(»veral  other  genera.  These  were  not  found  on  the  line  of  the 
Miction  above  descrilied,  but  the  conglomerate  is  a  prominent,  easily 
recognized  horizon  exposed  at  many  points  along  the  entire  length  of 
the  mountain,  and  the  fossils,  usually  in  the  form  of  imprints  and 
fragments,  w  ere  seen  at  several  places  both  north  and  south  of  the  sec- 
tion, especially  toward  the  southern  end  of  the  mountain.  In  the 
Avestern  foothills  of  the  mountain,  1  to  2  miles  iu)rth  of  the  southern 
end,  there  are  exposure>>  of  a  conglomerate  believed  to  1k»  the  same  as 
No.  30,  and  in  the  uppermost  bands  of  the  limestone  immediately 
l)eneath  it  collections  were  obtained  containing  Exogyra,  Pinna, 
Pecten,  Pleurom^'a,  Perisphinctes,  etc.,  which  Professor  Cragin  has 
.assigned  to  the  Malone  fauna  (see  p.  19). 

At  the  end  of  the  northwest  spur  of  Malone  Mountain,  at  the  point 
where  it  a[)proaches  the  railroad,  there  are  large  exposures  of  gypsum 
that  almost  certainly  belong  to  the  gypsiferous  horizons  in  the  sec- 
tion just  described,  though  they  are  separated  from  them  by  struc- 
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tural  breaks.**  In  the  following  section  the  estimated  thicknesses  of 
the  gypsum  and  the  beds  overlying  are  not  closely  accurate,  because 
the  exposures  are  very  incomplete  and  the  dips  are  variable  and  not 
easily  determined. 

Section  near  northtrest  end  of  Malone  Mountain  about  2  miles  southeast  of 
F inlay  fttation  (Hection  II  of  map). 

Feet. 

1.  Gypsum 100  or  more. 

2.  Mostly  covered  about 200 

^.  Llmestoues  with  conglomerate  layers  alternating  with   softer 

shaly    bands.     Several    fosslliferous    horizoas    with    Malone 

fauna   (see  lists,  p.  18) 75 

4.  Limestones  passing  Into  calcareous  conglomerate 15 

.5.  Limestone  with  a  few  Malone  fossils 15 

G.  Calcareous   conglomerate 6 

7.  Covered   (shales  and  limestone) 20 

8.  Calcareous   conglomerate x 10 

0.  Blue   limestone   dipping   20°    SW.,    with    ecbinoids    and    large 

Nerinea  seen  In  section  on  weathered  surface 0 

10.  Blue  limestone  and  shale  passing  under  the  plain 200 

There  can  be  little  doubt  that  the  fossiliferous  beds  in  this  section 
are  on  very  nearly  the  same  horizons  as  those  in  the  section  west  of 
Malone  station. 

The  most  prolific  locality  for  Malone  Jurassic  fossils,  and  the  only 
one  not  directly  connected  with  the  mountain  itself,  is  in  the  low 
hills  in  the  valley  about  li  miles  east  of  Malone  station.  The 
exposures  are  comparatively  small  and  the  dips  variable,  so  that  the 
stratigraphic  details  either  as  to  thickness  or  succession  can  not  be 
determined  with  certainty.  Professor  Cragin  gives  his  observations 
on  this  locality  fully  in  another  place  (pp.  13-17). 

It  is  not  possible  to  make  a  definite  correlation  of  the  fossiliferous 
beds  here  with  any  single  horizon  in  the  Malone  Mountain  sections, 
but  it  is  most  probable  that  they  belong  not  more  than  300  feet 
above  the  main  gypsum  beds. 

At  this  point  the  Malone  Jurassic  beds  are  closer  to  fossiliferous 
Cretaceous  beds  of  determined  horizon  than  at  any  other  place 
observed  in  the  region.  About  3  miles  to  the  east,  near  the  south- 
west base  of  Sierra  Blanca,  there  are  exposures  of  Washita  beds  with 
Nodosaria  texana  and  Gryphd^a  ?nueronata  (?),  and  the  same  hori- 
zon occurs  a  little  farther  away  along  the  railroad  between  Etholen 
Hills  and  Quitman  Mountains. 

Mr.  Taff  correlated  portions  of  the  Malone  Mountain  section  with 
exposures  in  the  conical  hills  near  Etholen  about  5  miles  west  of 


•  Mr.  Taff  nsBl^ned  these  Kypsum  exposures,  as  well  as  those  at  the  southeast  end  of  the 
mountain,  to  a  higher  horizon  (see  pp.  725  and  736  of  his  report),  but  they  all  have  the 
same  relations  to  the  fossiliferous  horizon  bearing  the  Malone  fauna. 
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Sierra  Blanca  station,  and  in  Bluff  and  Yucca  mesas  near  the  same 
station,  but  I  was  unable  to  confirm  these  correlations.  The  strata 
in  the  "  Etholen  Knobs "  may  possibly  belong  here,  but  the  other 
localities  almost  certainly  show  only  Cretaceous  beds. 

THE    CRETACEOUS. 

Cretaceous  rocks  have  a  great  development  in  this  region  and 
represent  the  thrw  main  divisions  of  the  Comanche  series — the 
Trinity,  Fredericksburg,  and  Washita — as  well  as  a  part  of  the 
Upper  Cretaceous.  Lithologically  the  section  differs  greatly  from 
that  of  Central  Texas,  where  the  Comanche  series  has  been  most 
studied,  and  there  are  also  considerable  differences  in  the  vertical 
range  of  some  of  the  common  species,  so  that  it  is  impracticable  to 
recognize  many  of  the  minor  formations  and  horizons  that  have 
been  studied.  The  general  faunal  succession  is  the  same  in  both 
regions,  and  it  is  usually  not  difficult  to  classify  the  beds  by  means 
of  the  fossils  as  Trinity,  Fredericksburg,  or  Washita,  though  it  was 
difficult  and  sometimes  impossible  to  assign  each  exposure  to  its 
exact  position  in  the  general  section,  because  many  of  them  are  rela- 
tively small  and  isolated,  and  the  structure  is  complicated  by  folds, 
faults,  and  igneous  intrusions.  The  most  complete  sections  are  to 
be  found  in  the  Quitman  Mountains,  especially  toward  the  southern 
end  and  in  the  lower  hills  farther  south  on  the  Rio  Grande,  in  the 
southern  extension  of  the  same  line  of  uplift. 

Quitman  Mountahia. — This  range  l>egins  at  a  point  on  the  railroad 
8  miles  west  of  Sierra  Blanca  station  and  extends  in  a  southeasterly 
direction  about  25  miles,  the  uplifted  beds  continuing  as  low  ridges  in 
the  same  direction  and  crossing  the  Rio  (irande  0  or  7  miles  beyond 
the  end  of  the  main  range.  At  its  northern  end  it  is  composed  mainly 
of  igneous  rocks — granites  and  porphyries — with  Cretaceous  beds  in 
the  adjacent  f(M)thills  on  the  north  and  east,  but  south  of  Ouitman 
Canyon,  a  drainage  channel  that  cuts  straight  across  the  r'^*"^^^  ^A>nt 
10  miles  south  of  its  northern  end,  the  mountain  mass  is  crfmfxVsed  of 
Cretaceous  sediments,  with  only  occasional  igneous  intrusions.  The 
axis  of  the  range  is  for  a  number  of  miles  almost  parallel  w  ith  the  Rio 
Grande,  which  flows  alK)ut  0  miles  to  the  southwest,  while  on  the  other 
side  is  the  flat  valley  of  Quitman  Arroyo,  4  to  10  miles  wide,  separa- 
ting the  Quitman  Mountains  from  Devils  Ridge  and  Eagle  Mountains. 
Sections  taken  at  different  points  across  this  range  vary  greatly  in 
extent.  The  one  published  by  Taff  in  the  report  cited  was  taken 
near  Quitman  Canyon  (Section  III  of  map),  and  shows  the  strata 
with  variable  steep  dips  mostly  to  the  west,  but  sometimes  reversed. 
Near  the  eastern  end  of  the  section  is  a  heavy  bed  of  limestone,  form- 
ing part  of  Taff's  "  Bluff  bed,"  filled  with  Orbitolina  texana  and  a 
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few  other  fomis,  followed  by  a  band  of  hard  limestone  containing 
numerous  specimens  of  Requienia.  Then  comes  the  ''  Quitnuin  bed," 
composed  of  sandstones,  clays,  and  thin  beds  of  limestone,  with  a 
thickness  of  330  feet,  succeeded  on  the  west  by  a  great  series  of  sand- 
stones and  siliceous  limestones,  the  "  Mountain  bed,"  with  an  ap- 
parent thickness  of  about  4,000  feet.  The  western  end  of  the  section 
was  thought  to  be  the  top,  and  the  entire  section  was  referred-  to  th« 
Washita  division  of  the  Comanche  series.  My  studies  of  moi*e  com 
plete  sections  farther  south  in  the  same  range,  especially  the  one  near 
the  Rio  Grande,  led  to  the  conclusion  that  the  beds  at  Quitman  Can- 
yon and  for  a  long  distance  southward  are  mostly  overturned,  and 
that  the  oldest  ro<'ks  are  on  the  we.st  side  of  the  mountains. 

The  Mountain  bed,  consisting  mostly  of  coarse,  varicolored  sand- 
stones, forms  the  western  portion  of  the  mountain  all  the  way  to  the 
Rio  (irande  at  Hot  Springs,  where  it  dips  to  the  east  instead  of  to  the 
west.  Its  apparent  great  thickness  may  Ik»  due  in  part  to  folding  and 
faulting.  It  has  yiekled  only  imperfectly  preserved  Ontrea  and  a  few 
other  forms  that  are  insufficient  for  its  correlation  with  established 
formations. 

The  Quitman  l)ed  has  a  similar  distribution  along  the  higher  (west- 
ern) slope  of  Quitman  Mountain.  Its  faima  shows  a  different  facies 
from  any  assemblage  in  the  Central  Texan  section,  including  A'j:'^(7yra 
qnittrKfnenHiH^Ti^igonui  tnffii^  Trigonia  stolleyi  { ?), /?fw?onrfm, and  a 
considerable  numbi»r  of  forms  that  will  l>e  descril>ed  in  a  monograph 
of  the  Comanche  fauna.  Although  some  of  the  species  show  rela- 
tionship with  later  faunas  the  stratigraphic  and  paleontologic  evi- 
dence as  a  whole  is  thought  to  justify  its  assignment  to  the  Trinity 
division.  The  l)est  Iwalities  found  for  collecting  this  fauna  are  on 
Quitman  Mountain  al>out  1  mile  south  of  Quitman  Canyon,  and  on 
the  trail  from  Quitman  Arroyo  to  Hot  Springs,  about  3^  miles  from 
the  springs. 

The  Orbitolina  limestone  for  nuiny  miles  forms  the  crest  of  the 
Quitman  Mountains,  with  a  bold  est^arpment  on  the  east  and  a  steep 
slope  corresponding  with  the  dip  on  the  west.  Its  characteristic 
foraminifera,  Orhitoltna  teauma  (Rcx^mer),  (xrurs  only  in  the  (ilen 
Rose  lx»ds  of  the  Trinity  division  in  Central  Texas.  Another  species 
of  the  same  horizon  that  occurs  with  it  in  the  Quitman  Mountains  is 
the  large  Natica  pragrandin  Roemer,  which  is  usually  treated  as  a 
synonym  of  .V.  pedernaHs.  The  Orbitolina  limestone  has  here  a 
thickness  of  at  least  250  feet,  and  farther  south  on  the  Rio  Grande  it 
appears  to  l)e  still  thicker,  and  the  Orbitolina  again  appears  in  a 
thinner  limestone  almut  300  feet  higher. 

On  the  eastern  slo^w  of  the  mountain  1  to  2  miles  south  of  Quitman 
Canyon  there  are  exposures  of  several  hundred  feet  of  limestones, 
clays,  and  sandstones  dipping  toward  the  mountain  and  apparently 
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underlying  the  Orbitolina  limestone  (Section  IV  of  map).  The  suc- 
ce^ssion  from  the  Orbitolina  limestone  eastward  down  the  mountain 
is  as  follows : 

F^t. 

1.  AltoriiHting  thin  IhhIs  of  Bandntone  and  clay,  with  (Kt'aslonal  bands  of 

limestone;  Kxftfjyra  terana  near  tbe  middle 200 

2.  Alternations  of  IhneHtone  and  covered  8pa(*es 200 

a.  Sandstone 8 

4.  (^>vered 15 

r».  Sandstone  with  Avtn'oneUa  doUum 15 

r».  Argillaceous  limestones,  clays,  and  some  arenaceous  bands,  with  occa- 

sional  layers  (containing  Ej'Of/j/ra  iexana 300 

7.  LImetitone  In  several  massive  l)ed8  interstratified  with  more  or  less  ar- 
gillaceous nodular  beds;  some  of  the  harder  bands  full  of  Caprina 

occidetitalis    Conrad 75 

F'arther  oast  scmie  of  these  l)eds  are  repeated,  dipping  eastward. 
It  is  evident  that  these  l>eds  are  in  part  the  ecjuivalent  of  those  de- 
scril)ed  by  Taff  as  occurring  in  Flat  Mesa,  4  miles  north  of  Sierra 
Blanca,  and  that  they  should  be  included  in  the  Fredericksburg 
division. 

About  10  miles  south  of  Quitman  Canyon  and  less  than  2  miles 
south  of  the  northern  boundary  of  the  Eagle  Mountain  quadrangle 
the  east  face  of  the  mountain  shows  a  similar  section,  and  at  its  base 
there  are  small  exposures  of  Washita  beds  with  SrhlcenJmchiu  ren- 
perthm  and  a  few  other  forms,  dipping  toward  the  mountain  and 
thus  giving  additional  evidence  of  overturning  and  faulting. 

The  Rio  Grande  section, — Still  farther  south,  near  the  Rio  Grande^ 
the  upi>er  part  of  the  section  is  much  more  complete  and  more  simple, 
furnishing  the  key  to  the  sections  already  discussed,  which  are  par- 
allel with  it  across  the  same  line  of  uplift.  The  eastern  end  of  the 
section  is  about  1  mile  north  of  the  Rio  (irande  in  the  first  hills  west 
of  the  l)oard  valley  of  Quitman  Arroyo.  Here  the  beds  are  sharply 
folded  and  a  prominent  ridge  shows  an  anticline  consisting  of  argil- 
laceous limestone  In^longing  to  the  Washita  division. 

The  western  limb  of  the  anticline  dips  70°  to  80°  west,  and  the  ex- 
posure is  as  follows: 

Section  in  hitlf<  juftt  went  of  Quitman   Arroyo,  about  1  mile  north  of  the  Rio 

Grande  (Section  V  of  map). 

Feet. 
1.  Argillaceous   limestone,   weathering   in   nodular   form,   with   bands  of 

harder  limestone 200 

•J.  More  massive  limestone,  much  seanunl  and  fIssunMl 30 

'X  Dark,  fissile  shale,  with  occasional  bands  of  impure  brown  limestone, 
underlying  a  valley  alnait  1  mile  wide.  Dips  at  first  steep  to  the 
west,  lMHx)ming  variable  and  nnich  less  toward  the  middle  of  the 
valley  and  again  steep  to  the  west  on  the  west  side  of  the  valley. 
Inocf  ramus  lahiatux  and  a  few  other  rp|)er  (Cetaceous  fossils  were 
found  west  of  the  middle  of  the  valley ;  thickness  apparently  sev- 
eral thousand  feet. 
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Feet. 

4.  Massive  limestone,  probably  same  as  No.  2 30 

5.  Ai*glIlaeeous  limestone  with  some  bands  of  clay  and  sjindstone;    fos- 

sils :  Nodoftaria  tcvatm,  Enallastcr  tcxanus,  yeithea  tcj-ana,  tlxo- 
gyra  arietina,  E.  drakci  var.,  Plicatula  incongma,  and  other  Wash- 
ita forms . - 300 

6.  Heavy-l)edded  limestone  (40  feet)  forming  a  cllflf,  followed  by  argil- 

laceous nodular  limestone  (30  feet),  which  yielded  Enallaster  tex- 
anus,  Gryphwa  atrrugaia,  Lima  wacoensis,  Neithea  texana,  and 
8chl(£nbachia  vcspertitta 70 

7.  Similar  limestones  with  dip  not  less  than  45°  westward 300 

8.  More  argillaceous  light-gray  limestone,  Interstratified  with  dark  clay 

shales;  one  of  the  limestone  bands  yielded  Epiaster  whitei,  Tere- 
hratula  {K'mgcna)  iraroetitiiM,  Uryphaa  washitaenHi.s  (?),  Pfiratula 
incfmgrua,  and  ^chifpuhachin  vespertina,  and  another  band  farther 
west  yielded  Epiaster  whitei,  Hchlanhavhia  acntocarinata,  *S.  fterra- 

tcsecuM,  and  Hamitcs  frcmonti 300 

0.  Dark  clays  with  brownish  calcareous  bauds  f   Exogyra  texana  abun- 
dant           50 

10.  Covereti 100 

11.  Limestone,  very  heavy -beflded  above,  with  increasing  bands  of  argll- 

lac^eous  limestone  below ;  Requienia  and  a  small  conical  Foraml- 
nifera  abundant;   Exogyra  texana  also  occurs 300 

12.  Shales,  limestones,  and  bands  of  brown  sandstone,  not  well  exposed—      250 

13.  Argillaceous  limestone,  with  some  harder  bands  containing  "  Caprlna  " 

and   Requenia 75 

14.  Generally  more  massive  limestone  with  some  bands  of  brown  sand- 

stone.    Also  contains  **  Caprlna,"  Ostrea,  etc 350 

15.  Quartzitic  sandstone  with  thinner  bands  of  clay  shale  and  impure 

limestone,  dipping  steeply  westward 400 

1(J.  Hard,  blue  limestone,  full  of  Orhitolina  texana 00 

17.  Sandstone  and  impure  limestone  with  some  clay 40 

18.  Sandstones  and  clays 250 

19.  Thin-bedded  passing  Into  massive  limestone,  full  of  Orhitolina  texana; 

at  least :500 

The  steep  western  surface  of  No.  19  forms  the  eastern  wall  of  the 
canj^on  of  the  Rio  Grande  at  this  point. 

So  far  there  has  been  no  apparent  serious  break  in  the  section,  but 
the  beds  now  l>ecome  complexly  faulted  and  folded.  A  short  dis- 
tance north  No.  10  is  cut  off  by  a  fault,  and  on  the  west,  across  the 
river,  the  same  bed  seems  to  be  repeated  in  several  postures. 

It  is  evident  that  the  eastern  portion  of  the  section  crosses  a  syn- 
cline,  so  that  in  paasing  from  No.  1  to  No.  5  the  same  beds  are  all 
crossed  twice.  In  the  rest  of  the  section,  while  there  may  be  some 
repetition  of  l)eds  due  to  small  faults,  there  are  no  anticlines  nor 
synclines,  and  the  fossils  show  that  in  "general  the  l)eds  are  suc- 
cessively older  toward  the  west.  No.  3  is  Upj)er  Cretaceous,  of  the 
age  of  the  Fort  Benton :  Nos.  4  to  8  are  Washita;  Nos.  9  to  14,  and 
probably  15,  are  Fredericksburg;  and  Nos.  16  to  19  belong  to  the 
Trinity.     As  the  dips  are  all  steep  to  the  west  it  follows  that  all  the 
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beds  from  No.  4  to  No.  19,  inclusive,  are  overturned.  It  will  be  seen 
also  that  the  succession  of  rocks  and  fossils  is  similar  to  that  found 
on  the  east  slope  of  the  mountains  near  Quitman  Canyon,  and  that 
there  is  no  place  for  the  great  sandstone  series  of  the  "  Mountain 
bed  "  within  the  Washita  division.  It  must  be  older  than  the  Orbi- 
tolina  limestone. 

Eagle  Mountains. — These  mountains,  which  lie  10  miles  east  of  the 
southern  end  of  Quitman  Mountain,  are  composed  mostly  of  igneous 
rocks,  but  sediments  are  exposed  on  their  flanks.  My  examinations 
were  along  only  the  western  base,  where  there  are  some  exposures  of 
Fredericksburg  limestone  and  shale^s  and  apparently  some  Trinity 
limestones.  Mr.  Taff  reports  Upper  Cretaceous  and  the  Orbitolina 
limestone  on  the  other  side  of  the  mountains,  and  fossils  in  the  col- 
lection of  Prof.  W.  F.  Cummins,  at  Dallas,  indicate  the  presence  of 
upper  Washita  beds  "  1  mile  north  of  gap  in  Eagle  Mountains." 

Sierra  Blanra, — This  group  of  conical  peaks,  about  6  miles  north- 
west of  the  railroad  station  of  the  same  name,  is  also  composed  of 
igneous  rocks  with  Cretaceous  sediments  around  the  base.  On  the 
southwest  side  of  the  main  peak  there  are  fossiliferous  exposures  of 
Fredericksburg  age  noteworthy  for  containing  Exogyra  texana  and 
Nodomria  texana  in  the  same  bed.  The  same  association  is  found  in 
the  Finlay  Mountains  also.  Beds  of  al)out  the  same  age  with  E,  tex- 
ana and  Acto'onella  doUum  occur  in  Flat  Mesa,  about  4  miles  east. 

In  the  saddle  between  the  main  peak  and  the  north  peak  of  Sierra 
Blanca  there  are  considerable  exposures  of  very  fossiliferous  Washita 
beds  with  many  characteristic  species. 

Finlay  Mountains, — These  hills  Ix^gin  al)out  4  miles  north  of  the 
north  end  of  Malone  Mountain  and  6  miles  northwest  of  the  main  peak 
of  Sierra  Blanca  and  extend  several  miles  to  the  north  and  northwest. 
They  were  rather  hastily  examined  in  the  hope  of  finding  an  exten- 
sion of  the  Malone  beds,  but  the  only  fossiliferous  beds  seen  belong  to 
the  Fredericksburg  division  of  the  Cretaceous,  including  the  horizon 
of  Actwonella  dolium.  There  are  many  intrusive  masses  of  igneous 
ro(*ks  and  at  one  locality  a  considerable  development  of  a  coarse  cal- 
careous conglomerate  whose  relations  were  not  definitely  determined, 
though  it  seemed  to  l>elong  to  the  Cretaceous. 

Other  loealitieH. — Other  exposures  in  the  neighborhood  of  Sierra 
Blanca  station  were  examined,  especially  Bluff  Mesa  and  Devils  Ridge, 
without  very  definite  paleontological  results.  The  top  of  BluflT  Mesa, 
r.  miles  southwest  of  Sierra  Blanca,  is  composed  of  Orbitolina  lime- 
stone, and  it  is  probable  that  the  underlying  beds  belong  within  the 
Trinity  division. 

The  Orbitolina  limestone,  the  Quitman  bed,  and  a  considerable 
thickness  of  Fredericksburg  beds  are  well  exposed  in  the  neighbor- 
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hood  of  the  abandoned  "A  L  Ranch  "  on  the  Rio  Grande  west  of 
Quitman  Mountains,  in  the  small  triangular  area  bounded  by  the 
river  and  the  Eagle  Mountain  and  Fort  Hancock  quadrangles.  The 
Fredericksburg  beds  are  especially  well  exposed  about  2  miles  down 
the  river  from  the  ranch,  in  the  small  canyon  locally  known  as  the 
'•  Cajoncito."  The  next  prominent  ridge,  3  or  4  miles  to  the  east, 
shows  AVashita  shales  and  limestones,  with  intervening  dark  shales 
that  may  belong  to  the  Upper, Cretaceous. 

These  details  of  the  stratigraphy  and  distribution  of  the  Cretaceous 
in  this  region  are  given  for  the  purpose  of  emphasizing  the  peculiar- 
ities and  the  isolation  of  the  Malone  beds. 

Bun.  260-O5  M 3 
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ANTHOZOA. 

Several  coralla  of  the  massive  shape  and  a  segment  of  a  digitiform 
branch,  which  in  my  preliminary  manuscript  on  the  Malone  fauna  I 
had  described  as  two  species  of  Astroccenia,  were  eventually  sub- 
mitted to  Mr.  T.  Wayland  Vaughan,  who  is  engaged  in  k  special  study 
of  the  Neozoic  corals,  for  more  detailed  study  than  I  could  give  them. 
Of  these,  Mr.  Vaughan  has  very  kindly  furnished  the  following 
description : 

Genus  ASTROCCENIA  M.  Edwards  and  Haime. 

ASTROCCENIA    MALONIANA    Sp.  n. 
PI.  II,  figs.  1-3. 

"  ProfeSvSor  Cragin  has  submitted  to  me  for  study  and  description 
9  specimens  of  an  Astrocccnia  collected  by  him  li  miles  east  of 
Malone,  Tex.  The  original  substance  of  the  skeleton  has  lx»en  trans- 
formed in  the  process  of  fossilization  into  a  bluish  limestone;  the 
skeletal  elements  are  now  represented  by  crystalline  calcite  and  the 
interspaces  are  filled  by  the  same  mineral.  The  result  of  these 
chemical  changes  is  to  make  a  study  of  the  thin  sections  of  the 
specimens  very  unsatisfactory.  No  minute  structural  features  could 
be  deciphered,  and  very  often  even  the  grosser  ones  of  the  indi\ddual 
corallites  are  obliterated  or  can  be  discovered  only  with  difliculty. 

"Apparently  only  one  species  is  represented  in  the  collection,  but 
there  is  a  central  or  type  form  around  which  the  other  specimens  can 
t>e  grouped.     Tlie  ty|>e  form  will  be  described  first. 

"  The  corallum  is  a  gibbous  mass,  with  a  flat  base  having  a  rather 
large  surface;  the  upper  surface  is  rather  uniformly  rounded  or 
thrown  into  numerous  mammilla*.  The  intergradation  between  these 
two  types  of  upper  surface  can  be  seen  in  the.  specimens  before  me. 
Wlien  the  mammillate  character  has  reached  its  maximum  develop- 
ment the  external  appearance  of  the  corallum  is  identical  with  that 
of  the  common  recent  West  Indian  Porites  astreoides  Lamarck.  The 
dimensions  of  two  large  specimens,  both  of  which  possess  the  mam- 
millate upper  surface,  are: 

mm.  mm. 

Greatest  breadth 113  90 

Least  breadth 95  82 

Height 52  6C 

34 
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^'  The  above  represents  the  type  form  of  the  corralhim.  There  is 
one  specimen,  with  a  mammillate  surface,  which  shows  no  place  for 
attachment,  and  other  specimens  show  a  tendency  to  form  low 
columns. 

"  The  corallites  are  polygonal,  usually  hexagonal,  are  crowded 
together,  and  are  joined  by  their  directly  fused  walls.  The  wall 
between  adjoining  corallites  is  usually  thin,  but  in  some  instances  it 
may  be  rather  thick,  in  extreme  cases  almost  1  mm.  AVhen  the  wall  is 
thin,  its  upper  edge  is  acute ;  when  it  is  thick,  it  is  flattened  between 
adjoining  calices.  The  depth  of  the  calicular  cavity  is  so  variable 
that  it  possesses  no  value  in  the  specific  diagnosis;^  it  is  sometimes 
deep  and  sometimes  very  shallow  in  the  same  colony.  The  diame- 
ter of  the  calices  vary  in  the  same  colony  from  1.5  to  2.5  mm.  The 
minimum  diameter  for  a  calice  is  1  mm.  and  the  maxinmm  is  al>out  3 
mm.,  or  a  very  little  less.  The  number  of  septa  is  16  or  20.  There  are 
4}ither  8  or  10  principal  septa,  with  smaller  ones  between.  At  their 
margins  the  septa  are  usually  rather  thin,  but  deeper  down  in  the 
corallite  ai*e  secondarily  thickened.  The  septa  are  thicker  periph- 
erally at  the  wall  and  are  also  thickened  around  the  columella.  The 
septa  of  adjoining  corallites  meet  end  to  end  or  alternate  with  each 
other.  In  transvei'se  sections  of  corallites  dissepiments  are  very 
rarely  present.  No  further  information  can  l)e  given  concerning 
the  endotheca.  The  columella  is  small,  low,  weak,  and  styliform. 
Below  the  l)ottom  of  the  calice  it  is  strengthened  by  having  the 
thickened  inner  terminations  of  the  principal  septa  fuse  around  it. 
Gemmation  takes  place  in  the  angle  between  adjoining  corallites. 

"  There  is  another  specimen  not  included  in  the  alx)ve.  It  is  an 
Astrocopnia,  apparently  growing  in  digitate  branches.  There  is  not 
enough  material  to  warrant  naming  and  describing  it." 

ECHIN^ODERM^TA.. 
ECHINOIDEA. 

HOLECTYPOIDA. 

Genus  IIOLECTYPUS  Desor. 

HoLEcnpus?  sp. 

An  echinoid  fragment  indicating  a  test  sha|>ed  as  in  this  genus,  but 
with  the  details  too  poorly  preserved  to  allow  a  satisfactory  descrip- 
tion or  an  absolute  generic  identification,  was  obtained  by  Doctor 
Stanton  from  an  anticline  on  the  east  slope  of  Malone  Mountain, 
about  1  mile  north  of  the  southern  end. 
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SPATANCxOIDA. 

Genus  PYGURUS  Agassiz. 

Pygurits  sp. 

Among  tlie  specimens  submitted  by  Doctor  Stanton  is  a  fragment  of 
the  test  of  a  sea-urchin  of  the  genus  Pygurus.  It  inehides  the  main 
part  of  the  aboral  half  of  an  ambulacrum.  The  genus  is  clearly 
determined  by  the  form  of  the  ambulacrum  and  the  form  and  arrange- 
ment of  the  pore^,  as  well  as  by  the  character  of  the  tubercles  and  by 
the  discoidal  form  of  the  test,  the  latter  form  being  indicated  by  the 
flatness  of  the  part  preserved.  The  ambulacrum  has  the  biconcave 
outline  that  characterizes  the  upper  part  of  that  of  Pygurus.  The 
pores  of  the  outer  row  are  very  long  and  slit-like,  widened  slightly 
toward  the  outer  end,  and  subhorizontal  to  more  or  less  oblique ;  those 
of  the  inner  row  more  ringent,  compressed  dot-like  or  hyphen -like, 
and  oblique,  their  width  being  considerably  less  and  their  length  con- 
siderably more  than  that  of  any  of  the  circumtubercular  courts  on  the 
neighboring  part  of  the  ambulacrum.  The  ambulacral  plates  are 
exceedingly  narrow;  the  imperforate  part  of  each,  in  the  widest  part 
of  the  ambulacrum,  being  about  ten  times  as  long  (transverse)  as 
wide  (parallel  to  the  course  of  the  ambulacrum)  and  ornamented 
with  1  to  3  small  perforated  tubercles,  each  of  which  is  set  in  a  round, 
depressed  court.  The  distribution  of  these  tubercles  is  irregular,  but 
they  are  so  few  and  so  feebly  developed  on  the  inner  ends  of  the 
plates  as  to  give  the  ambulacrum  the  aspect  of  having  a  median  plain 
zone,  to  which  the  seams  between  the  plates  give  a  transversely  stri- 
ated appearance. 

Measurements, — Maximum  width  of  ambulacrum  10,  of  which  the 
two  pore  belts  each  occupy  3.5  and  the  imperforate  tract  9  mm.: 
length  and  width  of  imjKTforate  part  of  an  ambulacral  plate  in 
broadest  part  of  ambulacrum,  respectively,  4.5  and  0.43  mm. ;  length 
of  outer  slit-like  pores  in  broadest  part  of  ambula/crum  2  mm.,  which 
is  al)out  one-fourth  of  the  width  of  a  semiambulacrum. 

Occnrrence. — West  side  of  Malone  Mountain,  about  2  miles  south- 
west of  Malone  station,  in  No.  25  of  Doctor  Stanton's  Malone  Moun- 
tain section ;  with  Gryphcea  mexicana^  Pleuromya  inconstans^  Pintui 
(juadrifrons^  etc. 
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ANNELIDA. 

TUBICOLA. 

Genus  SERPULA  Linnseus. 

Serpi;la  (K)rdiali8  Schlotheim. 

PI.  II,  figs.  5-«. 

A  round-tubed,  nearly  smooth,  irregularly  constricted,  at  first 
spirally  coiled,  then  contorted  Serpula,  probably  the  same  as  that 
noted  by  Doctor  Felix  "  from  the  upper  Jurassic  rocks  of  the  Cerro 
de  Titania  in  the  State  of  Oaxaca,  Mexico,  and  referred  by  him  to 
Schlotheim's  S,  gordialh^  is  the  commonest  tubicolan  of  the  Malone 
fauna,  having  been  found  at  the  anticline  in  the  eastern  base  of 
Malone  Mountain  (in  both  Doctor  Stanton's  collections  and  mine), 
and  at  the  locality  1^  miles  east  of  Malone  station.  The  largest  tul>es 
observed  measure  about  2.7  mm.  in  diameter,  1  to  2  mm.  being  a  more 
common  size. 

Serpula  sp. 

PI.  II,  fiK.  4. 

Not  rare  at  the  locality  last  mentioned  is  a  large  Serpula,  appar- 
ently differing  from  S,  (fordialw  chiefly  in  size,  but  perhaps  also  hav- 
ing a  less  constantly  or  less  intricately  contorted  habit.  As  there 
found,  it  attains  a  diameter  of  at  least  8  mm. 

Serpula  sp. 

A  single  s|>ecimen  of  a  third  and  well-marked  s|x»cies  of  Serpula 
was  obtained  from  the  same  locality,  but  was  lost  in  the  laboratory 
when  it  had  received  only  preliminary  study.  The  following  are  its 
characters  so  far  as  they  were  noted : 

Tul)e  considerably  smaller  than  an  average  one  of  Serpula  gordi- 
(dh^  straight,  round,  and  at  least  in  part  terete,  its  exterior  orna- 
mented with  close,  uniform  or  nearly  uniform,  prominent,  filiform, 
encircling  costella*,  so  that  its  appearance  recalls  one  of  the  smaller 
of  the  wound  wires  in  the  lower  register  of  a  piano;  an  ornamenta- 
tion which  contrasts  strikingly  with  the  plain  to  feebly  and  irregularly 
constricted  exterior  of  the  two  other  known  Serpulee  of  this  district. 

BeltrUgo  deoK  u.  Pal.  Mex..  pt,  .3,  p.  175.     PalaeontoKrnphicn,  vol.  37.     1801. 
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MOLLXJSCOIDE.A. 
BRYOZOA. 

DIASTOPORID^E. 
Genus  BERENICEA  Lamouroux. 

Berenk^ea  maloniana  sp.  n. 
PI.  II,  fig.  7. 

Colonies  incrusting,  sometimes  confluently  associated,  unsymmetri- 
cally  flabelliforin,  apparently  without  a  tattered  or  incised  border; 
cells  numerous,  several  hundred  in  a  colony,  tubular,  arising  as  if  sep- 
arately in  quincunx-radial  order  from  the  smooth  or  finely  porous  mem- 
brane-like stock  which  separates  them  by  intervals  for  the  most  part 
about  equal  to  themselves,  the  lower  part  of  each  cell  being  embedded 
and  subhorizontal,  the  outer  part  rising  obliquely  and  becoming  grad- 
ually free  or  nearly  so,  Imng  wholly  free  at  the  very  extremity  only ; 
free  surface  of  cells  plain  or  at  most  only  finely  striate;  oral  extremity 
contracted,  the  aperture  small  and  round. 

Measurements, — Breadth  of  colony,  12  mm.;  of  cell,  0.2  mm.;  of 
oral  aperture,  about  0.1  mm.;  greatest  exposed  length  of  cells  between 
twice  and  thrice  their  breadth. 

Oecurrenre. — The  type  specimen  covers  between  a  fourth  and  a 
third  of  one  of  the  larger  whorls  of  a  Nerinea  goodellii  and  parts  of 
the  two  whorls  preceding  and  following,  and  is  met  by  another  sim- 
ilarly radiating  colony  of  which  only  a  border  portion  is  preserved, 
the  line  of  contact  of  the  two  colonies  being  heaved  up  into  a  ridge. 
It  is  from  the  locality  li  miles  east  of  Malone  station. 

In  the  partially  embedded  cells  and  in  the  resulting  a])parent  sepa- 
ration of  the  tubes  from  each  other  this  species  resembles  Berenieea 
mirroHtoma  Mich.,  as  illustrated  in  fig.  Gb  of  PI.  I  of  Reuss's  '^Bry- 
ozoen,  Anthozoen  und  Spongiarien  des  Braunen  Jura  von  Balin  bei 
Krakau,"®  but  it  lacks  the  undulatory  transverse  furrows  of  that 
species  and  has  the  tubes  less  strongly  inflated  and  proportioned  much 
as  in  the  B,  fenera  Reuss.  The  last-named  species  is,  however,  very 
different  in  having  the  tubular  cells  visibly  in  contact  instead  of  sep- 
arated by  a  conspicuous  basal  stratum  that  conceals  their  deeper  and 
contiguous  parts. 

•  Denkschr.  k.  Akad.  Wlss.,  Math.-Nat.  Classe,  vol.  27.     WIen,  1867. 
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MOLLUSCS- 
PELECYPODA. 

osTKEin^:. 

Genus  OSTREA  Linnaeus. 

OSTREA  Sp. 

Three  imperfect  valves  of  an  ovate,  thin-shelled  ostreid,  about  1^ 
inches  in  greatest  dimension,  lie  partly  embedded  on  a  piece  of  blue 
limestone  obtained  from  the  Theta,  1^  miles  east  of  Malone  station, 
and  may  represent  Ostrea  as  distinguished  from  Exogyra  and  Gry- 
phaea.  They  are,  however,  incomplete  in  the  region  of  the  beaks 
and  their  precise  relationship  therefore  remains  somewhat  uncertain. 
The  inflation  is  moderate  and  due  almost  wholly  to  the  strongly 
incurved  border,  the  remainder  of  the  valve  being  rather  flat. 

Since  in  general  aspect  they  recall  species  of  Ostrea  in  the  stricter, 
and  certainly  at  least  represent  it  in  the  broader  generic  sense,  while 
they  do  not  seem  referable  to  any  of  the  hitherto  described  Ostreida; 
of  the  Malone  Jurassic,  they  are  here  provisionally  listed  as  above. 

Grypii.ea  mexicana  Felix. 
PI.  Ill,  figs.  i-a. 

Qryphwa  mexicana  FeUx,  1S91.  Beltr.  Oeol.  u.  Pal.  Mex.,  pt.  3,  p.  178,  pi. 
27.  figs.  .SO,  30a. 

Shell  rather  small,  more  or  less  inequilateral  and  cuneate;  adduc- 
tor scar  elongate,  lightly  impressed;  margins  of  the  valves  not  crenu- 
lated  internally,  the  right  valve  very  much  smaller  than  the  left, 
rounded-triangular,  usually  flat  or  exteriorly  in  part  concave,  thick- 
oned  in  the  dorsal  part;  left  valve  triangular  to  crescentic-triangular, 
deeply  excavated,  strongly  arched  on  the  dorsal  region,  the  posterior 
part  more  prominently  so  than  the  anterior,  its  beak  high-arched, 
strongly  incurved  and  rather  bluntly  (seldom  freely)  hooked,  usu- 
ally swinging  a  little  backward,  its  poj^terior  side  strongly  flattened 
or  concave,  the  passage  thence  to  the  outer  side  more  or  less  angu- 
lated  or  sometimes  elevated  as  an  obtuse  fold,  a  similar  but  smaller 
flattening  or  concavity  being  often  present  on  the  shorter,  anterior 
bide,  exterior  side  usually  convex — sometimes  flattish  or  concave — 
antero-posteriorly  and  either  without  bordering  sulci  or  provided 
with  an  anterior  or  posterior  sulcus  or  with  both;  the  growth-lines 
sometimes  acute  and  imbricated,  especially  on  the  anterior  and  poste- 
rior slopes,  but  on  the  exterior  slope  often  more  commonly  thickened 
at  irregular  intervals  into  obtuse  wave-like  elevations  and  often  here 
also  swung  upwards  into  a  broad  sinus.     In  specimens  of  smaller  and 
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medium  sizes  at  least,  the  left  valve  is  often  ornamented  with  fine, 
radiating  raised  lines,  including  more  conspicuous  ones,  which  are 
rather  remote,  and  numerous  closely  arranged,  almost  microscopically 
fine  ones,  there  being  usually  2  to  7  of  the  latter  in  each  of  the 
intervals  between  the  former.  This  ornamentation  is  usually  well 
expressed  in  very  young  examples,  and  these  present  considerable 
resemblance  in  form  as  well  as  sculpture  to  certain  species  of  Plica- 
tula,  but  in  the  arched  valve,  held  beak  upward  and  seen  in  exterior 
view,  the  longer  side  will  appear  on  the  right  in  the  young  Grypha»a 
and  on  the  left  in  Plicatula,  since  the  arched  valve  is  the  left  in 
Grypha^a  and  the  right  in  Plicatula  and  the  posterior  side  of  the 
shell  is  longer  than  the  anterior  in  both  genera.  A  very  similar  orna- 
mentation is  seen  on  the  arched  valve  of  Meek  and  Hayden's  Black 
Hills  Jurassic  form,  Gryphcpa  calceola  var.  nebrmrensis.  In  excep- 
tional specimens,  G,  mexirana  approaches  the  latter  species  in  form 
also,  tending  to  a  uniform  antero-posterior  convexity,  even  the  poste- 
rior flattening  being  slight.  Much  more  common  than  this,  however, 
is  the  occurrence  of  specimens  with  anterior  and  posterior  sides  both 
strongly  flattened  or  concave. 

Measnreraents, — Specimens  of  an  ordinary  size  give  height,  43  mm. ; 
length,  32  mm. ;  breadth,  17  mm. ;  but  considerably  larger  specimens 
are  often  found. 

Occurrence. — Common  at  several  levels  below  the  Iota  conglomer- 
ates, a  mile  and  a  half  east  of  Malone  station,  where  scores  were 
collected,  and  less  so  a  few  feet  above  similar  conglomerates  in 
an  anticline  in  the  east  flank  of  Malone  Mountain;  in  the  latter 
locality  associated  with  Pleuromya  inconstans^  Modiola  maloniana^ 
Astarte  maloyiensis^  Exogyra  subplicifera?  and  Serpida  gordialis. 
The  species  was  also  collected  by  Doctor  Stanton,  both  at  these  and  at 
the  following  localities:  About  a  mile  east  of  Finlay  station;  west 
side  of  Malone  Mountain,  w^est  and  also  south  of  west  from  Malone 
station  (at  the  last-named  locality  in  Nos.  13  and  25  of  his  Malone 
Mountain  section) ;  from  foothills  west  of  Malone  Mountain,  about  2 
miles  north  of  its  southern  end;  at  the  west  base  of  the  mountain, 
near  its  southern  end ;  and  from  the  east  slope  of  the  mountain,  near 
its  southern  end,  200  or  300  ( ?)  feet  above  the  gypsum. 

One  of  the  most  striking  features  of  G,  mexicaua  is  the  posterior 
flattening  of  the  left  valve,  a  feature  of  which  is  much  more  strongly 
expressed  in  this  shell  than  in  any  other  species  of  Grypha»a  with 
which  I  am  acquainted. 

The  prevailing  size  of  the  shell  is  not  the  same  at  all  localities, 
some  specimens  of  the  largest  average  size  coming  from  the  west  side 
of  Malone  Mountain;  but  at  no  locality  in  the  Malone  district  does  the 
shell  average  so  small  as  the  Oaxaca  examples  figured  by  Doctor 
Felix. 
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Genus  EXOGYRA  Say. 

EXOGYRA    8UBPL1CIFERA    FcHx. 
PI.  IV,  figs.  1-4. 

Exogyra  subplicifera  Felix,  1891,  Beitr.  Geol.  u.  Pal.  Mex.,  Pt  III,  p.  177, 
pi.  27,  flgs.  6,  7. 

From  locality  1.J  miles  east  of  Malone  station,  and  associated  with 
most  of  the  commoner  fossils  described  in  this  paper,  were  collected  19 
specimens,  Ix^sides  8  obtained  by  Doctor  Stanton.  Two  somewliat 
doubtful  casts  were  also  found,  with  Gryphma  mexirana^  Astarte 
mftlonensis^  etc.,  just  above  the  beds  of  conglomerate,  at  the  eastern 
base  of  Malone  Mountain,  in  the  anticline  about  1  mile  north  of  the 
southern  end  of  the  mountain. 

The  shells  occur  both  free,  or  nearly  so,  and  attached  by  nearly  the 
whole  of  the  left  valve.  The  largest  example  from  the  Malone  Hills 
has  a  length  of  35  mm.,  but  some  of  the  smaller  ones  agree  nearly  in 
size  with  the  Mexican  specimens  described  and  figured  by  Doctor 
Felix  from  the  Cerro  de  Titania.  The  right  valve  has  the  beak 
strongly  recurved  laterally,  and  sometimes  has  the  anterior  dorsal 
border  drawn  across  the  uml)onal  cavity  so  as  to  form  more  or  less  of 
a  cul  de  sac,  and  in  the  more  nearly  free  examples  is  rather  thin, 
deeply  excavated,  and  ornamented  with  numerous  imbrications  which 
present  distally  an  obtuse  angle  on  the  summit  of  convexity,  and  in 
some  of  the  young  examples  may  have  1  to  4  faintly  expressed  radial 
fohls  on  the  basal  part.  In  young  specimens  the  right  valve  is  more 
or  less  triangular,  broad  across  the  distal  part,  and  a  little  produced  at 
the  base;   in  the  adult  it  usually  becomes  auriform. 

The  following  is  a  translation  of  the  original  description  by  Doctor 
Felix,  relating  to  the  right  valve,  which  is  exceedingly  characteristic 
and  on  which  alone  the  species  was  established: 

It  is  of  auriform — soiiietinies  rather  elongate,  sometimes  more  broadened — 
contour,  lil<e  tlie  Cretaeeous  hlcttuyra  uuricnlariH  Brongn.  sp.,  which  has  been 
regarded  by  (Vxiuand  as  a  variety  of  his  /:;.  pHcifcra.  On  its  inner  surface  it 
iM*ars  a  variai)le  numlier,  mostly  5  to  8,  <;f  transverse  folds,  which  are  in  strong 
relief,  but  do  not  extend  across  the  entire  shell  breadth,  by  which  sculpture  it  is 
esi)ecially  distinguished  from  related  forms.  It  may  be  taken  for  granted  that 
if  adult  examples  show  this  sculpture  on  their  inner  side,  free  or  only  umboually 
adnate  individuals  will  show  it  on  their  outer  surface  in  at  least  as  distinct  a 
manner  as  the  Cretaceous  E,  plicifera  (^o(iu.  iK>ssesses  It. 

The  length  of  the  si)ecimen  in  the  middle  amounts  to  15  mm. 

Exogyra  potosina  C.  and  A. 

PI.  Ill,  fig.  7;   PI.  IV,  fig.  7. 

Exogyra  potosina  Castillo  and  Aguilera,  1895,  Faun.  Fos.s.  Sierra  d.  Catorce, 
\\  3,  PI.  II,  fig.  0. 

Doctor  Stanton's  collection  contains  six  specimens  that  are  referred 
to  this  species.     All  are  larger  than  the  Mexican  type  specimen  fig- 
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nred  by  Castillo  and  Aguilera.  Three,  of  which  one  closely  resembles 
the  example  of  "£*.  subnodosa  Miinster,"  figured  in  Goldfuss's  Petra- 
facta  germani(x  (PL  LXXXVI,  fig.  8),  are  from  the  foothills  west 
of  Malone  Mountain,  about  2  miles  north  of  the  southern  end  of  the 
mountain,  there  associated  with  Grypha^a  mexicana^  Pinna  qiiudri- 
frons^  Pleuroniya  inconstans^  etc.  The  three  others,  representing  a 
variety  of  more  broadly  triangular  outline,  are  from  the  west  base  of 
the  mountain,  only  a  short  distance  north  of  its  southern  end.  The 
latter  S'tation,  according  to  Doctor  Stanton's  notes,  may  or  may  not 
represent  the  same  horizon  as  the  former  and  "  is  certainly  several 
hundred  feet  above  a  horizon  of  Gryj)h(vu  mexicana  and  Nerinea." 

The  specimen,  above  compared  to  E,  subnodona^  has  a  convexity  of 
about  40  mm.  and  a  lateral  profile  whose  greatest  extent,  from  l)eak  to 
anterior  part  of  base  and  extent  transverse  to  the  same,  are  respec- 
tively 80  and  55  mm.  Corresponding  dimensions  in  one  of  the  larger 
and  broader  specimens  from  the  second  station  above  specified  are 
respectively  and  approximately  39,  93,  and  73  mm. 

The  following  is  a  translation  of  Castillo  and  Aguilera's  descrip- 
tion of  Exogyra  potosinn: 

SheH  elongated,  oblliiue,  laterally  curved,  of  semilunar  contour.  Righto 
valve  inflated,  its  major  convexity  situated  near  the  umbo,  incurved  like  the 
shells  of  Grypha*a ;  provided  with  an  obtuse  crest  that  traverses  the  shell  in 
its  entire  length  forming  a  curve  concentric  with  the  anterior  margin;  beak 
little  free  and  gently  recurveil  laterally.  Left  valve  operculiform.  depresscnl, 
and  adapted  to  the  concavity  which  the  right  valve  forms;  l>eak  rudimentary. 
Surface  provided  with  growth- la  mi  me  more  marked  in  the  left  valve,  which  Is 
entirely  lamellar;  on  the  right  valve  are  i)erceived  two  pllciform  nodules, 
obtuse  and  imi>erfect,  upon  the  indistinct  crest  of  the  shell.     Length,  57  mm. 

Castillo  and  Aguilera  further  describe  the  shell  as  intermediate 
l»etween  Exogyra  and  Grypha^a,  noting  that  it  approaches  the  latter 
genus  both  in  the  general  form  of  the  two  valves  and  by  preponder- 
ance of  the  vertical  over  the  lateral  curvature  of  the  umbonal  region. 
In  the  Texas  specimens,  however,  at  least  sometimes,  the  lateral  curv- 
ature seems  to  preponderate. 

It  is  possible  that  the  narrower  and  broader  forms  represent  two 
species;  but  this  does  not  seem  probable,  and  they  are  here  provision- 
ally regarded  as  mere  phases  of  one. 

Exogyra  potosina  in  the  Sierra  de  Catorce,  has  been  recorded  only 
from  relatively  high  beds,  which  Castillo  and  Aguilera  have  con- 
sidered as  Cretaceous.  It  apparently  occurs  only  high  in  the  Malone 
district  also;  but  some  of  its  associates  in  the  latter  district  are 
apparently  identical  with  the  lower  occurring  Pleuromya  incon^tafis 
(oi  the  Theta  and  Alamitos) ;  Gt^phcea  mexicana  (of  the  Theta  and 
Jurassic  of  Oaxaca) ;    Pecten   insutiis.  Pinna  qiiadrifroiui^  Lucina 

<*  Left,  of  ntithorK  generally,  wbo  regard  the  operculiform  valve  as  .the  right  Id  the 
Inequlvalve  forms  of  tbis  genus. 
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metrica^  and  Astarte  malonensk  ( ?)  (of  the  Theta) — forms  which  are 
themselves  the  common  associates  of  Trigonia  calderoni  (Theta  and 
Alamitos) ;  Astarte  microphyes  (Theta  and  Jurassic  of  Oaxaca),  etc. 

SPONDYLID^^:. 

Genus  PLICATULA  Lamarck. 

Plicatula  sportella  sp.  n. 

PI.  Ill,  figs.  8,  9. 

Shell  small,  well  inflated  by  the  convexity  of  the  broadly  rounded, 
somewhat  inequilateral  and  twisted,  broadly  attached  right  valve; 
left  valve  nearly  flat,  its  margin  rather  thick;  both  valves  strongly 
plicated  to  the  correspondingly  crenulated  margins,  the  ribs  about  10 
on  each  valve ;  ribs  of  the  left  valve  with  broadly  rounded  summits, 
the  furrows  between  them  narrow,  those  of  the  right  valve  with  nar- 
rower, more  widely  separated  summits,  and  separated  by  round- 
bottomed  furrows;  surface  of  ribs  and  furrows  on  both  valves  crossed 
with  imbricated  growth  lines. 

MeasurementH, — Height,  8  mm.;  length,  10  mm.;  breadth,  5  mm. 

Oc('}irrence.-^^^\or\^  Hills,  1^  miles  east  of  Ma  lone  station.  The 
type  and  only  specimen  is  attached  to  a  shell  of  Nevinea  goodelliL 

(ienus  LIMA  Bruguiere. 

Lima  interlineata  sp.  n. 

PI.  IV,  figs.  5.  (5. 

Shell  small,  obliquely  oval,  the  anterior  l)order  straight  or  very 
slightly  convex,  the  oval  being  more  elongate  than  that  of  Ltmtt 
crenulicosta  Roemer,  and  the  lateral  profile  more  nearly  approaching 
that  of  L,  tracoenHiH  Roemer;  the  convexity  of  the  valves,  however, 
agreeing  more  nearly  with  crenulicosta^  and  the  beaks  somewhat 
more  elevated  than  in  eitlier  of  those  species;  either  valve  ornamented 
with  about  2*2  radiating  ribs;  the  ribs  tectiform,  having  twq  faces 
that  meet  at  an  angle  considerably  greater  than  a  right  angle;  the 
ribs  separated  by  intervals  about  as  wide  as  themselves,  the  middle 
of  each  interval  marked  by  a  raised  line,  or,  in  the  case  of  a  few  of 
the  posterior  intervals,  by  two  to  three  such  lines.  It  belongs  to  the 
subgenus  Radula. 

Measurements, — Length  and  breadth  of  the  oval,  res|)ectively,  16 
and  12  mm. 

Occurrence, — Represented  by  a  right  valve  and  several  fragments 
from  locality  \\  miles  east  of  Malone  station,  aiul,  of  Doctor  Stan- 
ton's collecting  at  same  locality,  by  a  left  valve  with  moderately 
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prominent  anterior  ear.     Doctor  Stanton  also  obtained  a  fragment 
from  about  a  mile  south-southeast  of  Finlay  station. 

Lima  (ctenostreon)  riograndensis  sp.  n. 

PI.  V,  flg.  4. 

Shell  large  and  thick,  equivalve,  somewhat  inequilateral,  or  ob- 
liquely round-oval  (the  base  swung  somewhat  forward),  ventricose, 
anteriorly  gaping,  radially  large-ribbed;  ribs  broad  and  low-convex, 
about  11  or  12  in  number  on  each  valve,  separated  by  flat-concave 
intervals  about  as  broad  as  themselves;  the  surface  marked  with 
sinuous-concentric  growth  lines  and  coarse,  laminated  imbrications 
which  present  convexities  upward  and  downward  on  the  ribs  and 
intervals  respectively,  the  laminated  imbrications  in  places  thickened 
so  as  to  nearly  fill  the  shallow  intervals.  The  ears  of  the  type  are 
broken  off.  The  presence  of  a  byssal  sinus  is  indicated  by  the  direc- 
tion of  the  growth  lines  on  the  basal  remnant  of  the  anterior  ear. 

MeasnrementH, — Height  al)out  125  mm.;  length  about  the  same; 
breadth,  80.5  mm.  The  thickness  of  the  shell  varies  from  alK)ut  7 
nun.  on  the  basal  slope  to  about  13  mm.  in  the  dorsal  region. 

Of-nii^enee, — Only  the  single  type  specimen  is  known.  This  was 
found  on  the  upper  part  of  the  Theta  outcrop,  1 J  miles  east  of  Malone 
station,  associated  with  specimens  of  Trigonia  vyschetzkii^  Asfarte 
ftialonensisj  etc. 

The  species  seems  to  considerably  exceed  in  size  Ct,  proboseidea 
Sby.,  of  the  Oxford.  The  only  Ctenostreon  that  has  hitherto  been 
known  from  North  American  rocks  is  an  undescribed  s])ecies  reported 
by  Hyatt  from  the  lower  Jurassic  of  Taylorsville,  Cal. 

Genus  PECTEN  Klein. 

Pecten  (camptonectes)   iNsiTis  sp.  n. 

PI.  IV,  figs.  11,  12. 

Shell  pyramidal-subcircular,  somewhat  inequilateral,  with  greater 
anterior  than  posterior  extent,  inoqui valve;  left  valve  having  a  fair 
degree  of  convexity;  right  valve  flattish-convex ;  l>eaks  rather 
pointed,  not  rounded  in  well-preserved  specimens,  the  right  one  but 
slightly  inflated;  anterior  straight  or  slightly  concave  and  posterior 
usually  slightly  convex  (sometimes  in  part  incipiently  concave)  ; 
dorsal  margins  of  body  of  either  valve  making  a  right  angle,  or  often 
considerably  less  than  a  right  angle,  with  each  other;  anterior  ear 
large,  its  hinge,  or  crest  line,  alwut  twice  as  long  as  that  of  the  poste- 
rior ear,  and  its  anterior  margin  reaching  about  three-fourths  as  far 
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in  advance  of  the  beaks  as  does  the  anterior  margin  of  the  valve 
itself,  its  byssal  sinus  angular  or  subangular;  surface  of  l)oth  valves 
ornamented  with  numerous  fine,  closely  set,  rounded  to  flattened, 
radial,  linear  costeHce,  separated  by  narrower,  serially  punctate, 
stria^form  grooves,  and  crossed  by  concentric  growth  lines,  of  which 
some  at  irregular  intervals  are  more  or  less  strongly  imbricated; 
punctations  commonly  approaching  the  form  of  a  circumflex  accent, 
sometimes  appearing  dot-like,  very  closely  ranked. 

MeaHuvements. — Height,  39  mm.;  length,  34  mm.;  breadth,  10  mm. 
(right  valve  3,  left  7). 

Oceurrence. — About  50  specimens  were  collected,  in  the  Malone 
Hills,  li  miles  east  of  Malone  station,  the  species  ranging  nearly 
throughout  the  foj^iliferous  Theta  there  exposed;  in  foothills  about 
1  and  2  miles  a  little  south  of  east  from  Finlay  station;  at  a  point 
about  2  miles  west  of  Malone  station;  about  three-quarters  of  a 
mile  farther  south  (all  of  the  four  last-named  localities  representing 
the  same  or  nearly  the  same  horizon,  Xo.  13  of  Doctor  Stanton's 
Malone  Mountain  section) ;  and  at  the  anticline  in.  the  east  slope  of 
Malone  Mountain,  nearly  a  mile  north  of  its  southern  end. 

Before  obtaining  a  copy  of  Felix  and  link's  Beitrage  zur  Geologic 
und  Palaeontologie  der  Republik  Mexico  I  had  characterized  and 
named  in  manuscript  the  above-described  common  Malone  fossil,  giv- 
ing it  the  specific  name  inHutus^  in  allusion  to  the  [)eculiar  stitched 
appearance  of  the  seams  l)etween  the  ribs.  Its  ornamentation  closely 
resembles  that  of  the  Lima  comatuHcosta^  described  in  that  work, 
from  the  upper  Jurassic  of  Mexico.  It  differs,  however,  in  several 
respects  from  that  form,  as  described  and  figured  by  Doctor  Felix.« 
It  is  provided  with  ample  ears,  of  which  the  anterior  is  several  times 
the  larger;  it  is  inequivalve;  its  beaks,  instead  of  being  rounded,  as 
described  and  figured  by  Doctor  Felix  in  his  Lima  comatulicoHta^ 
are,  when  perfectly  preserved, rather  pointed;  and,  finally,  its  outline 
is  less  obliquely  or  anteriorly  elongated,  sometimes  even  approaching 
in  the  body  of  the  valves  an  equilateral  or  circular  outline  with  a 
pyramidal  summit,  though  usually  rather  oblique  and  somewhat 
elevated. 

The  break  possibly  indicated  at  the  position  for  an  ear  in  fig.  5 
(loc.  cit.)  of  Lima  comatnlicosta^  the  apparent  identity  of  the  costal 
and  intercostal  ornamentation  of  the  Malone  Pecten  with  that  shown 
in  figs.  1,  la,  3,  3a  of  the  Cerro  de  Titania  shell,  and  the  fact  that, 
unless  the  Pecten  insutus  be  it,  the  Lima  comatulicosta  is  not  known 
from  the  Malone  district,  while  its  appearance  there  might  reasonably 
be  expected  (since  at  least  two^  of  the  seven  lamellibranchs  described 
by  Doctor  Felix  from  the  Upper  Jurassic  of  the  Cerro  de  Titania 

«  BeltrUge,  etc.,  In  Palaeontographica,  vol.  37,  p.  178,  PI.  XXVII,  flgs.  1,  la.  3,  3a,  5. 
^  Exogyra  auhplicifera  and  Oryphaea  mexicana. 
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have  l)een  found  to  be  common  to  both  localities),  are  circum- 
stances which  at  one  time  led  me  to  regard  the  alleged  Lima  as  prob- 
ably identical  with  the  common  Pecten  of  Malone.  But  that  the 
differences  of  form  are  considerable,  as  above  shown;  that  Doctor 
Felix  gives  two  figures  of  Lima  comatvUcosta  which  agree  essentially 
with  each  other  in  all  respects  in  which  either  differs  from  Pecten 
insutus;  that  he  compares  his  fossil  with  a  European  species  of  Lima  ° 
from  the  coral  rag,  and  that  the  peculiar  intercostal  punctation  is 
Icnowjn  to  occur  both  in  Lima  and  in  Pecten,  are  considerations  in 
view  of  which  the  assumption  that  the  Mexican  fossil  has  been 
wrongly  referred  to  Lima  is  not  warranted. 

The  radially  ornamented  outer  layer  of  this  shell  rapidly  weathers 
off,  leaving  a  shiny  black  surface,  so  that, sometimes  the  shell  appears 
smooth  or  bears  only  subdued  concentric  markings. 

The  specimen  figured  represents  the  more  circular  phase  of  the 
species  and  shows  the  beaks  less  pointed  than  they  appear  in  most 
examples. 

AVICTJI^ID^^i;. 
Genus  GERVILLIA  Defrance. 

GeRVILLIA    (I)RRIJ(JATA  Sp.   U. 
PI.  IV,  fig8.  S-10. 

Shell  inequivalve,  very  inequilateral,  obliquely  elongated  and 
curved;  hinge  provided  with  several  cartilage-pits,  the  one  anterior 
to  the  beaks  being  relatively  small;  the  left  valve  crescentic  as  viewed 
from  above,  sigmoid  as  viewed  from  without,  its  beak  curved  forward, 
inward,  and  downward,  its  postero-basal  part  curved  backward, 
upward,  and  inward;  the  right  valve  (including  l)eak)  flattened, 
its  posterior  umbonal  slope  monoclinally  angulated,  the  steep  and 
narrow  post-umbonal  slope,  separating  the  anterior,  anteropos- 
teriorly  flat-convex,  proximo-distally  flat  or  slightly  concave  main 
j)art  of  the  valve  from  the  relatively  depressed  posterior  wing;  ante- 
rior wing  small  or  of  moderate  size,  that  of  the  left  valve  a  little 
contorted,  posterior  Aving  rather  large,  its  angle  drawn  out  poste- 
riorly to  a  point,  owing  to  the  strong  emargination  of  its  posterior 
border;  umbo  of  left  valve  radially  corrugated,  the  adjoining  part 
of  the  left  posterior  wing  similarly  ornamented  on  a  smaller  scale, 
remainder  of  left  and  the  right  valve  marked  with  ordinary  growth- 
lines. 

MeaHureineMH, — Height,''  25  mm.;  length,  1^8  nmi.;  breath,  12 
mm.  Portions  of  several  large  specimens  indicate  at  least  twice  these 
dimensions. 

•  L.  comalula  Buvlgnler. 

^  Height  and  length  taken  as  usual,  perpendicular  and  parallel  to  the  hinge-Ilne. 


Digitized  by  VjOOQIC 


CRAOiN.l  DESCRIPTIONS   OF   SPECIES.  47 

Occurrence, — As  yet  known  only  from  the  Malone  Hills,  1^  miles 
east  of  Malone  station,  and  only  moderately  common  in  the  lower 
part  of  the  Theta  beds  of  that  locality,  occuring  with  several  of  the 
smaller  species  of  Gastropoda.  Gryphaa  fnexicana^  which  ranges 
much  higher,  is  also  one  of  its  commoner  associated  fossils.  Twenty- 
three  imperfect  specimens  and  fragments  were  collected. 

GeRVILLIA  CINDERELLA  Sp.  n. 
PI.  V,  fig.  1. 

Shell  sul)equivalve,  moderately  inflated,  somewhat  flattened  on  the 
flank,  falciform,  the  basal  region  being  much  produced  posteriorly, 
its  terminal  part  tapering;  basal  margin  long,  straight,  convex; 
posterior  border  concave ;  flank-region  limited  suix^ro-posteriorly 
and  in  part  anteriorly  by  an  abruptly  rounded  shoulder,  the  sur- 
face being  drawn  steeply  in  to  the  base  of  the  wing;  posterior  shoulder 
continuous  from  the  beak  to  the  upi^er  part  of  the  i)osteriorly  pro- 
duced basal  region,  its  axis  gently  curved  with  concavity  looking 
upward  and  backward;  anterior  wing  inflated  above,  concave  and 
more  distinct  from  the  body  of  the  valve  below;  posterior  wing 
large,  falcate  (?)  (largely  broken  off  in  the  type),  surface  bearing 
delicate  concentric  growth  lines. 

'     MeaHurements, — Height,   32    (plus   several)    mm.;    length,    about 
(probably  a  little  more  than)  57  mm.;  breadth,  19  mm. 

Occurrence. — One  specimen,  wanting  the  cardinal  region,  was 
found  by  Doctor  Stanton  in  the  horizon  of  the  broader  phase  of 
Exogyra  potoshia  at  the  west  base  of  Malone  Mountain,  a  short 
distance  north  of  the  southern  end. 

GeRVILLIA   ?  RIOGRANDENSIS  Sp.  D. 
PI.  V,  figs.  2,  3. 

^Vnother  species  of  lamellibranch,  here  provisionally  referred  to 
(lervillia,  was  found  at  the  west  base  of  Malone  Mountain,  associated 
with  G.  Cinderella,  It  is  represented  by  a  cast,  of  which  considerable 
of  the  upper  posterior  region  has  been  removed  by  weathering,  and 
Avhich  bears  fragments  of  the  shell  of  the  left  valve.  The  form  is  less 
elongate  and  more  compressed  than  that  of  G,  Cinderella;  the  anterior 
border  is  concave,  the  ventral  border  slightly  so,  the  adjoining  lower 
[)art  of  the  flanks  being  slightly  hollow ,  owing  to  the  strong  compre.s- 
sion  of  the  ventral  region.  As  compared  with  G,  Cinderella^  the 
nntero-ventral  border  is  more  prominent  and  regularly  rounded.  The 
shoulder  separating  the  flank  from  the  posterior  wing  appears,  from 
the  cast  of  part  of  it,  to  have  been  much  more  gently  molded,  and  this 
wing  seems  to  have  had  much  greater  development  in  its  low^er  part ; 
surface,  as  impressed  on  the  mold  of  a  shell  fragment,  marked  with 
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fine  growth  lines,  of  which  some,  occurring  at  short  subregular  inter- 
vals on  the  distal  parts,  are  more  strongly  imbricated  than  others. 

Measurements. — Height,  about  40  mm.;  length,  38  mm.  (plus ,5?)  ; 
breadth,  17  mm. 

Occm^rence,— Known  only  by  the  above-described  sf)ecimen,  associ- 
ated with  Gervillia  Cinderella j  Exogyra  potosina^  Pleuromya  incon- 
starts^  etc. 

MYTILID.E. 

Genus  MYTILUS  (Linn.)  Bnig. 

Mytilus  nuntiijS  sp.  n. 

PI.  VI,  figs.  4,  5. 

Shell  small,  equivalve  (or  slightly  tortuous-inequivalve?),  rather 
compressed,  the  right  or  left  profile  arched  cuneate-oblong,  consid- 
erably less  attenuated  anteriorly  than  that  of  the  somewhat  similarly 
proportioned  recent  species,  Mytilus  afer  Gmelin,  the  angle  made  by 
the  anterior  margins  of  the  cast  being  about  three- fourths  of  a  right 
angle;  beaks  terminal,  subacute,  gradually  and  moderately  deflected 
upward,  directed  much  more  forward  than  upward;  valves  appar- 
ently smooth  or  marked  only  with  concentric  growth  lines. 

Measurements, — Length  (oblique)  of  lateral  profile,  21  mm.; 
breadth  of  same,  10  mm. ;  breadth  of  shell,  about  6  mm. 

Occurrence. — A  single  well-preserved  cast,  bearing  thin  remnants 
of  the  shell,  was  found  among  the  lower  occurring  fossils  (Gerrillia 
corrugata^f  Pleurotoniaria  circumtrunca^  etc.)  of  the  Theta  \\  miles 
east  of  Malone  station.  A  form  without  tracc»  of  shell,  observed  on 
the  matrix  of  a  Trigonia  ryschetzkii  from  the  same  locality,  probably 
represents  a  valve  of  the  same  Mytilus  and  indicates  for  it  a  some- 
what larger  size. 

Though  the  longitudinal  axis  of  this  shell  is  arcuate,  the  archins: 
is  so  gentle  that  the  outline  approaches  that  of  the  straighter-profiled 
Mytilus  afcr,^  as  figured  by  Tryon,"  more  than  one  of  such  strongly 
curved  forms  as  subloaris^  eduliformis^  and  decussatus. 

Genus  MODIOLA  Lamarck. 

MODIOLA  MALONIANA  Sp.  U. 
PI.  VI,  figH.  1,  2. 

Shell  of  moderate  size  in  its  genus,  oblong-trapezoid,  gently  arched, 
broadest  near  the  middle,  the  anterior  and  posterior  regions  rather 
narrow  and  elevated,  the  height  being  greatest  at  or  in  advance  of  the 
posterior  fourth ;  beaks  small  and  only  moderately  elevated  above  the 
hinge  line,  placed  close  together,  nearly  or  quite  in  contact  anteriorly, 
their  dorsal  summits  forming  rather  narrow  longitudinal  ridges  from 

«  struct,  and  Syst.  Conchol. 
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either  of  which  there  proceeds  to  the  posterior  part  of  the  basal  mar- 
gin a  low,  broadly  rounded,  iimbonal  swell,  below  which  in  the  inter- 
mediate region  the  flanks  are  concave;  surface  nearly  plain,  marked 
only  with  ordinary  gi'owth  lines,  some  of  which  are  imbricated. 

Measurements. — Height  across  umbonal  region,  11  mm.;  same  at 
highest  section  of  the  shell,  12.5  mm.;  length,  37.5  mm.;  breadth,  11 
mm.     Another  example  attains  a  length  of  43  mm. 

Occurrence, — The  type  is  from  locality  li  miles  east  of  Malone  sta- 
tion, which  has  yielded  two  other  specimens.  I  have  found  a  single 
example  also,  associated  with  Pleuromya  inco/istans^  Astarte  malo- 
nensis^  Exogyra  suhplkifera  f,  Gryphcea  mexicana,  and  Serpula 
(jordialis^  at  the  eastern  base  of  Malone  Mountain,  in  the  transverse 
anticline  1  mile  from  its  southern  end,  just  above  conglomerates. 
Two  additional  si)ecimens  were  obtained  by  Doctor  Stanton,  one  from 
the  anticline  just  mentioned  and  one  from  about  1  mile  east  of  Finlay 
station. 

MODIOLA  GENICULATA  Sp.  U. 
PL  VI,  fig.  3. 

Shell  small  among  its  congeners,  much  shorter  and  higher  relative 
to  its  breadth  than  J/,  maloniana^  geniculate-trapezoid,  the  vertically 
expanded  posterior  half  of  the  shell  being  rather  suddenly  deflected 
downward  and  backward  so  that  its  axis  makes  an  angle  of  about  45^ 
with  the  horizontal  cardinal  border  of  the  vertically  smaller  anterior 
half;  breadth  less  than  the  height,  greatest  about  the  middle;  beaks 
moderately  raised,  little  inflated;  flanks  concave  in  the  mid  region 
below  the  umbonal  convexity;  surface  apparently  marked  only  with 
the  ordinary  growth  lines. 

Measuremenf,^, — Height,  16  mm.;  height  of  section  across  middle, 
12.5  mm.;  length,  25.5  mm.;  breadth,  estimated  from  convexity  of  one 
valve,  10  mm. 

Occurrence, — A  single  left  valve  was  collected  by  Doctor  Stanton 
about  1  mile  east  of  Finlay  station. 

Genus  PINNA  Linnaeus. 

Pinna  qiadrifrons  sp.  n. 

PI.  VII.  figs.  1-8. 

Shell  of  medium  size  in  its  genus,  elongate-cuneate ;  anterior  region 
inflated,  in  cross  section  bicuspidately  round-oval  to  quadrate-oval; 
posterior  region  rather  compressed,  in  cross  section  nearly  rhombic; 
valves  meeting  by  their  ventral  margins  at  an  acute  and  more  or  less 
compressed  or  cariniform  angle  and  by  their  dorsal  margins  at  a 
somewhat  similar  angle;  from  their  anterior,  more  convex  part,  be- 
Bull.  266—05  M 1 
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coming  at  first  feebly  and  then,  on  the  middle  and  posterior  region, 
strongly  and  abruptly  obtuse-angiilated  along  a  radial  line  a  little 
above  the  middle,  so  that  either  valve  presents  two  slopes — a  dorsal, 
which  is  flat  or  in  part  feebly  concave,  and  a  somewhat  wider  ventral, 
which  retains  some  convexity  even  on  the  posterior  part ;  dorsal  slope 
of  either  valve  ornamented  with  10  to  15  compressed  and  gently 
elevated  radial  costella;,  which  are  separated  by  intervals  wider  than 
themselves  and  obliquely  scored  by  numerous  growth  lines  that  give 
the  costella;  a  more  or  less  granulated  or  crenulated  appearance ;  ven- 
tral slope  marked  only  with  strong,  pliciform,  for  the  most  part  very 
oblique  growth  lines.  The  summit  of  the  supra-median  angle  is  the 
locus  of  a  linear  hingelike  plait,  or  gore,  by  whose  I'eady  erosion  the 
valves  are  often  cleft,  especially  along  the  middle  and  posterior 
region,  each  into  two  valvelike  segments,  so  that  broken  specimens 
which  include  only  that  region  appear  not  only  tetragonal  and  quadri- 
lateral, but  also  quadrivalvate. 

Mea''<nrementi<. — Height  (across  larger  end),  50  mm.;  breadth 
(across  same),  30  mm. ;  length,  240  mm. ;  all  approximate. 

Occurrence, — One  and  a  half  miles  east  of  Malone  station.  This 
is  one  of  the  most  abundant  fossils  of  the  Theta  subdivision  in  that 
locality  and  ranges  nearly  throughout  the  known  fossiliferous  thick- 
ness of  it.  It  usually  occurs  in  sections  varying  in  size  from  less 
than  1  inch  to  4  or  5  inches  long,  of  wliich  about  80  were  here  ob- 
obtained.  Some  have  been  subjected  to  pressure  in  such  a  manner  as 
to  make  them  nearly  square  in  cross  section.  Doctor  Stanton  also 
obtained  several  on  the  west  side  of  Malone  Mountain,  as  follows: 
One  in  No.  25  of  his  Malone  Mountain  section,  2  miles  south  of  west 
Malone  station;  2  from  a  foothill  about  2  miles  northwest  of  the 
southern  end  of  the  mountain,  and  6  from  the  west  base  of  the 
mountain,  a  short  distance  north  of  its  southern  end.  Part  of  those 
(casts)  from  the  last-named  locality  are  more  than  usually  com- 
pressed, rapidly  expanded,  and  somewhat  curved,  and  at  first  sight 
suggest  a  distinct  species  or  variety;  but  others  are  of  intermediate 
form  and  some  bear  shell  remnants  Avith  s(»emingly  characteristic 
(juadrifrojis  ornamentation,  so  that,  while  individual  variation  may 
have  played  a  part,  the  exceptional  form  should  probably  be  attrib- 
uted chiefly,  if  not  wholly,  to  the  distortive  influence  of  the  orogenic 
forces  that  have  acted  upon  the  matrix  containing  them. 

Genus  ARCA  Linnaeus. 

Arca  taffii  sp.  n. 
PI.  VI,  fijrs.  7,  8. 

Shell  small,  ventricose,  broader  than  high,  of  moderate  length; 
beaks  strongly  arched,  inrolled,  and  brought  into  contact;   posterior 
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slope  angiilated  and  strongly  flattened  (radially  costate?);  anterior 
slope  a  little  excavated  on  the  upper  part,  separated  from  the  outer 
slope  by  a  rounded  shoulder,  ornamented  with  a  few  strongly  elevated 
radial  costa*  separated  by  comparatively  wide  intervals,  in  each  of 
w  hich  is  a  feebler  linear  cpstella ;  outer  slope  flattened,  radially  cos- 
tate, becoming  closely  cancellated  on  the  middle  and  strongly  so  on 
the  ventral  part ;  ventral  margin  straight,  not  crenulated.  There  are 
20  of  the  cost«  on  the  outer  slope,  small,  with  their  rounded  summits 
subgranulated  by  the  cancellation,  and  separated  by  intervals  of  about 
their  own  width.  On  the  sunmiit  of  the  umbo  the  axis  of  flattening 
is  inclined  forward. 

Measurements. — Height,  10.5  mm. ;  length,  19  mm. ;  breadth,  12  mm. 

Occurrence. — One  and  a  half  miles  east  of  Malone  station ;  repre- 
sented by  only  one  example. 

The  ornamentation  of  the  posterior  slope  is  concealed  in  the  type 
specimen.  A  radiately  costate  ornamentation  upon  it  is  inferred 
from  the  fact  thatr  the  species  seems  to  agree  subgenerically  with 
Gray's  Calloarca  as  described  and  figured  in  Tryon's  Structural  and 
Systematic  Conchology.  A  slight  inequality  of  the  valves  in  the 
umbonal  region  is  doubtless  a  distortion  due  to  stratigraphical  dis- 
turbance. The  specimen  does  not  disclose  the  characters  of  either 
the  hinge  or  the  ligamental  area. 

ArCA  ?  DlTMBLl  sp.  U. 

PI.  VI.  flg.  a 

Shell  small,  only  moderately  inflated,  rather  elongate-trapezoidal, 
the  anterior  side  short  and  subvertically  truncate,  the  posterior  long 
and  obliquely  truncate;  the  base  gently  convex;  the  moderately  ele- 
vated beaks  situated  at  the  rear  limit  of  the  anterior  third ;  anterior 
slope  small,  concave,  wing-like,  with  supero-anterior  corner  nearly 
a  right  angle,  se[)arated  from  the  outer  slope  by  a  posterior  umbonal 
angulation,  which  becomes  obsolete  distally;  posterior  slope  concave, 
separated  from  the  outer  by  a  strong,  proximally  subacute,  distally 
obtuse  shoulder-like  angulation,  the  two  apposed  concave  slopes 
forming  together  a  sort  of  wing  with  obtuse  corner;  the  anterior 
slope  ornamented  with  a  few^  narrow,  distally  obtuse  radial  folds, 
the  outer  slope  with  ordinary  and  strong  concentric  growth-lines, 
radial  lines,  if  originally  present  here,  having  been  feeble  and  oblit- 
erated by  weathering.in  the  types,  the  posterior  slope  and  the  summit 
of  its  limiting  angle  having  numerous  radiating  raised  lines  and  striae. 

Measurements. — Height,  1G.5  nun.:  length,  80  mm.;  breadth,  about 
12  mm. 

Occurrence. — One  and  a  half  miles  east  of  Malone  station;  repre- 
sented by  5  specimens. 
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The  hinge  characters  of  this  shell  are  unknown.  AVhile  the  gen- 
eral form  permits  little  doubt  that  it  is  one  of  the  Arcida?,  there  is 
less  certainty  of  its  generic  position,  and  it  is  placed  only  provision- 
ally under  Area. 

The  species  is  named  for  Mr.  E.  T.  Dumble,  late  State  geologist  of 
Texas. 

Genus  CUCULL^A  Lamarck. 

CUCULI^TCA  ?  TEXTICOSTATA  Sp.  n. 
PI.   VI,  figs.  9,   10. 

Shell  ventricose,  short,  subtriangular,  somewhat  pointed  infero- 
posteriorly,  rounded  anteriorly,  the  posterior  slope  flattened  and 
making  an  angle  with  the  outer  slope;  beaks  well  inflated  and  ele- 
vated; entire  surface  marked  in  a  crowded  manner  with  radiating 
linear  costella>  and  in  large  part  with  erect  concentric  lines  of  imbri- 
cation, of  which  the  latter  are  the  finer  and  more  crowded  (seen  to 
advantage  only  when  magnified),  and  the  former  the  more  conspicu- 
ous and  more  persistent  under  weathering.  A  considerable  part  of 
the  surface  when  magnified  appears  woven,  like  cloth  or  miniature 
basket  work,  except  for  the  alternating  arrangement  seen  in  the 
latter.  This  woven  ornamentation  resembles  that  seen  in  Area  ta^L 
the  radial  costellae  being,  however,  much  finer  and  more  numerous 
than  in  that  anteriorly  and  posteriorly  otherwise  ornate  and  alto- 
gether differently  shaped  arcid. 

McamirementH. — Height,  about  29  or  80  mm.  ( ?) ;  length,  34  mm.; 
breadth,  24  mm. 

Occurrence, — One  specimen  and  a  fragment  of  a  second;  \\  miles 
east  of  Mai  one  station. 

In  the  absence  of  any  knowledge  of  the  hinge  of  this  shell  it  is  not 
possible  to  be  sure  whether  it  is  a  Cucullsea  or  an  Area.  The  orna- 
mentation— primarily  radial  and  secondarily  cancellated — is  of  a 
type  more  common  in  the  latter  genus;  but  the  species  is  put  provi- 
sionally in  CuculleDa,  under  the  subgenus  Trigonarca,  on  account  of 
its  triangular  form. 

CUCULLJEA  TUANSPECOSENSIS  Cragiu. 

CucuUwa  fratiMpecosmsis  Cragin,  1893;    Fourth  Ann.   Rept.  (Jcol.   Survey 
Texas,  pt.  2.  p.  175. 

The  genus  Cucullaea  is  not  represented  by  abundance  of  individuals 
in  any  of  its  species  in  the  rocks  of  the  Malone  formation  in  Texas, 
and  so  rare  is  the  massive  and  ventricose  C,  traiispecosensis  that, 
despite  careful  collecting  for  many  days  at  the  locality  which  yielded 
Messrs.  von  Streeruwitz  and  Wyschet/.ki  the  type,  the  latter  still 
remains  the  only  specimen  known  of  this  species. 
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As  it  has  not  been  practicable  to  restudy  the  type,  the  original 
account  of  the  species  is  here  reproduced,  which  is  as  follows : 

SheU  large  and  thick,  ventricose  (Bubrhomboidal?)  ;  beaks  large,  remote  from 
the  anterior  extremity,  their  summits  very  obtuse  as  viewed  from  the  side  or 
from  above,  their  apices  less  compressed  and  less  free  than  in  C,  temiinalis  or 
C.  grtttioti:<^  anterior  dorsal  border  prominent  and  compressed,  suballform,  the 
surface  included  between  it  and  the  [anterior  &]  line  of  the  beaks  being  ornai- 
meiited  with  raised  radial  lines,  posterior  dorsal  angle  (apparently)  shorter  and 
lower  than  the  anterior,  iK>sterior  umbonal  8loi)e  prominently  angulated,  the 
angulation  succeeded  on  the  inner  side  by  a  pronounced  sulcus,  which  is  in  turn 
limited  on  Its  inner  side  by  another  angulation  less  prominent  than  the  first: 
hinge-area  broad,  divaricate-grooved;  anterior  lateral  denticles  four  (and  one 
rudimentary),  long,  strong,  and  horizontal,  their  abruptly  deflected  inner  termi- 
nation being  relatively  very  short.     Mesial  and  posterior  denticles  unknown. 

Ocrurrence, — Collected  by  Mr.  von  Streeruwitz  about  1  mile  northeast*?  of 
Malone,  El  Paso  County,  with  Venus  malonensis^  and  other  forms,  as  mentioned 
under  that  sp<»(*ies.     Comanche  series.*? 

In  size  this  shell  apparently  exceeds  the  other  known  species  of  CuculUca  from 
the  Comanche  series  of  Texas. 

CucuLLiEA  cATORCENsis  C  and  A. 

Cucullwa  {Triponarca)  catorcenstH  Castillo  and  Aguilera,  1895,  Bol.  Com. 
Geol.  Mex.,  No.  1,  p.  5,  PI.  IV,  figs.  1,  4,  and  5. 

Two  small  Cucnlla?a  casts,  of  medium  ventricosity,  obtained  below 
the  Iota  conglomerates,  IJ  miles  cast  of  Malone  station,  and  two  from 
alx>ve  simihir  conglomerates  in  the  eastern  base  of  Malone  Mountain, 
in  the  anticline  about  1  mile  north  of  its  southern  end,  are  referred  to 
the  young  of  this  s[>ecies. 

The  following  is  a  translation  of  Castillo  and  Aguilera's  descrip- 
tion of  Cucmllwa  catorceiisis^  as  given  (loc.  cit.)  in  their  ^'  Fauna  Fosil 
de  la  Sierra  de  Catorce :  " 

Shell  bulky,  very  convex,  of  quite  variable  contour,  oval  in  the  young  exam- 
I)les,  sul)quadrangular  in  those  which  are  more  developed,  and  subtrapezoidal 
in  the  adults.  Beaks  l)road,  very  prouilnent  and  little  removed  from  one  another, 
^iituatcd  in  the  anterior  third  and  nearly  terminal  in  the  adult  examples,  pro- 
vided with  a  carina  on  the  anal  side.  Buccal  region  very  much  more  sliort  than 
the  anal,  rounded  on  the  extremity,  a  little  excavattnl  near  the  cardinal  border 


*  C.  terminalis  Con.  and  C.  graiioii  Hill,  of  the  Comanche  Cretaceous. 

*  Reads  "  posterior,"  by  error,  In  the  original. 

<'The  same  locality  is  herein  generally  called  '*  11  miles  east  of  Malone  station,'*  and  U 
perhaps  a  little  short  of  the  latter  distance,  so  far  as  occurrence  of  the  larger  number  of 
the  fossils  Is  concerned.  I  have  understood  that  all  of  the  fossils  obtained  from  thN 
spot  In  1800  were  actually  collected  by  Mr.  Wyschetzkl ;  and  If  so,  the  name  of  Mr.  von 
Streeruwitz  was  probably  put  on  the  label  In  view  of  his  having  been  In  charge  of  the 
trans-Pecos  division  of  the  Texas  survey. 

*  Asturtc  maloncnais  of  the  present  writing. 

'  For  explanation  of  the  manner  In  which  the  few  fossils  known  from  this  locality  In 
1893  were  at  that  time  placed  In  the  Comanche  series,  see  Introduction.  Instead  of 
**  Comanche  series,*'  read  Malone  formation. 
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with  which  it  fonns  an  noute  angle.  Anal  region  obliqaely  truncate  on  its 
extremity,  excavated  or  concave  in  the  vicinity  of  the  bf-Jil^s.  lituited  hy  a  well- 
marked  carina  which  traverses  the  shell  from  the  beak  down  to  the  posterior 
extremity  at  its  junction  with  the  inferior  border  of  Vac  shell ;  the  carina  is 
quite  acute  near  the  beak  and  becomes  more  obtuse  in  proiortion  as  it  re<.*edes 
from  it;  the  umbonal  region,  thus  circumscribed  by  the  umbonal  crest,  forms 
a  sort  of  corselet,  quite  marked  and  excavated.  Middle  region  of  the  shell 
convex  and  In  the  form  of  a  triangle  limited  by  the  anal  crest  and  the  other 
less  develoi)ed  which  separates  it  from  the  buival  region ;  the  major  convexity 
of  the  shell  Is  just  adjoining  the  anal  crest  and  near  the  beaks.  LigJimental 
area  not  very  much  excavated  and  of  regular  dimensions.  Cardinal  Ixirder 
straight,  in  some  si)eclmens  nearly  as  long  as  the  shell,  but  in  ctliei's  much 
shorter;  anterior  border  obliquely  rounded;  inferior  t>order  nearly  straight  and 
parallel  to  the  cardinal  border,  joining  by  nienns  of  a  curve  with  the  jiosterior 
lH)rder,  which  is  oblique,  slightly  eurved,  and  in  the  >oung  ftmns  nearly  par- 
allel to  the  anterior  border.  Surface  of  the  shell  pi*ovidtd  with  <*oncentric  lines 
of  growth  which  have  suffered  lnterrui>tions  and  constitute  more  or  less  prom- 
inent corrugations. 

Length,  60.62  mm. ;   breadth  with  relation  to  the  length,  0.58. 

Iy)cality :  Arroyo  de  Alamltos,  on  the  Alamltos  rancho,  in  the  Sierra  de 
Catorce. 

By  breadth  ("  ancho  ")  in  the  above  is  meant  the  dorso- ventral 
dimension  called  height  by  some  writers.  The  lateral  breadth,  called 
thickness  ("  espesor  ")  in  the  "  Fauna  Fosil,"  is  not  stated. 

The  massiveness  of  this  shell,  its  ventricose  form,  its  broad  beaks, 
and  the  demarcation  of  the  middle  from  the  posterior  umbonal  slope 
by  a  cariniform  angulation,  are  features  which  might  seem  to  inde- 
cate  that  Ciindlcpa  eatoreenHis  shoukl  be  referred  to  the  Texan  C. 
transpecosensis;  but  the  very  prominent  and  subterminal  beaks,  and 
(so  far  as  the  description  indicates)  the  absence  of  a  second,  or  inner, 
angulation  on  the  posterior  corselet  and  of  raised  radial  lines  on  the 
anterior  umbonal  slope  in  C,  catorcen^iH^  appears  to  sufficiently  dis- 
tinguisli  the  latter  as  a  valid  species. 

CuruTx.^:A  castuj^oi  sp.  n. 
PI.  VI,  figs.  11,  12. 

Shell  of  moderate  size  in  the  genus,  short-trapezoidal ;  ventricosity 
of  medium  degree,  greatest  considerably  above  the  middle;  ante- 
rior side  short,  rounded;  posterior  side  straight,  obliquely  truncate; 
base  gently  convex;  the  infero-posterior  part  of  the  shell  somewhat 
pointed,  owing  to  a  prominent,  rapidly  rounded  shoulder  that  runs 
from  either  beak  to  the  junction  of  the  ventral  with  the  posterior 
border,  separating  the  outer  convex  slope  from  the  posterior  slope, 
which  latter  is  strongly  and  concavely  depressi^d,  being  strongly 
inflected  near  the  shoulder  and  turning  outward  again  about  midway 
of  its  extension  toward  the  posterior  l)order,  to  form  a  prominent 
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and  sharp  keel  by  union  with  the  corresponding  border  region  of  the 
opposite  valve;  anterior  nnibonal  slope  only  feebly  angulated  or 
shouldered;  beaks  narrow,  high-arched,  approximated,  placed  slightly 
in  advance  of  the  middle  third;  flank  region  marked  with  concentric 
growth  lines;  posterior  slope  finely  and  closely  striate. 

MeasurementH. — Height,  39  mm.;  length,  about  48  mm.;  breadth, 
about  34  mm. 

Occurrence. — Two  examples  were  collected  by  Doctor  Stanton  in 
foothills  at  the  northwest  end  of  Malone  Mountain,  about  2  miles 
east-southeast  of  Finlay  station.  Neither  shows  the  ornamentation 
of  the  anterior  slope. 

The  species  is  named  for  the  late  Prof.  Antonio  del  Castillo, 
founder-director  of  the  Geological  Institute  of  Mexico. 

NUCULID^E. 
Genus  LEDA  Schumacher. 

LeDA  ?  NAVICULA  Sp.  U. 
PI.  VI,  fig.  13. 

Shell  fairly  well  inflated,  elongate-ovate,  anteriorly  not  shortened, 
posteriorly  produced  and  gradually  narrowed  or  subrostrate;  the 
anterior  subhorizontal  and  posterior  gently  declined  parts  of  the  dor- 
sal side  each  forming  a  small  concavity  adjoining  the  beak,  anterior 
side  rounded,  base  long  and  straight-convex  for  the  greater  part,  its 
posterior  part  ascending  obliquely;  beak  small  and  little  salient, 
placed  a  little  back  of  the  anterior  third. 

Measurement s, — Height,  11.5  mm.;  length,  25  mm.;  breadth,  about 
10  mm. 

Occurrence. — A  cast  of  a  left  valve  was  found  embedded  in  the 
rock  fragment  bearing  one  of  the  specimens  of  Umcardium  semiro- 
tundum  collected  by  Doctor  Stanton  at  the  anticline  on  the  east  slope 
of  Malone  Mountain  about  1  mile  north  of  its  southern  end. 

A  cast  of  a  small,  posteriorly  produced  lamelli branch,  which  was 
supposed  in  the  field  to  be  one  of  the  Nuculida?  and  which  may  have 
been  a  I^eda,  was  observed  in  Theta  a  mile  and  a  half  east  of  Malone 
station.  It  was  accidentally  destroyed  in  attempting  to  remove  it 
from  the  matrix.  A  rough  sketch  of  it,  preserved  in  my  notes,  indi- 
cates a  shell  similar  in  form  to  that  above  described,  but  smaller.  It 
may  be  referred  to  Leda?  navicula^  but  is  represented  as  having  the 
margins  crenulated,  while  this  character,  if  it  belonged  to  the  latter 
species,  can  not  be  distinguished  in  the  type  as  preserved. 
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TRIGONIID^E. 

Genus  TRIGONIA  Brug. 

Trigonia  VY8CHETZKI1  Cragin. 

PI.  VIII,  figs  1,  2;  PI.  IX,  figs.  1-^. 

Trigonia  ryftchetzkii  Cragin,  1893,  Fourth  Ann.  Rept.  Ow)l.  Survey  Tex.,  pt  2. 

p.  215 ;   and,  1897,  Jour.  Geol.,  vol.  5,  No.  8,  pp.  81(5.  817. 
Cf.  Trigonia  solognreni  Felix,  1891,  Beltr.  Geol.  u.  Pal.  Mex.,  pt  3,  p.  M\\ 

PI.  XXVII.  figs.  2,  2a. 

Shell  large,  of  moderate  convexity,  transversely  subquadrate;  pos- 
tero-dorsal  side  straight;  anterior  and  posterior  sides  truncate;  base 
gently  curved;  beaks  only  moderately  arched;  area  flattened,  occu- 
pying about  one-fourth  of  the  valve,  bordered  above  and  below  by  a 
tuberculated  ridge  or  angulation,  and  traversed  by  a  median  groove 
which  is  accompanied  by  a  third  such  ridge  less  developed  than  those 
of  the  border,  a  large  distal  part  of  it  obliquely  crossed  in  most 
instances  by  numerous  strong,  more  or  less  irregular  and  interrupted 
folds,  or  ornamented  on  the  proximal  part  with  rows  of  tubercles 
by  whose  increasing  confluence  on  the  intermediate  and  distal  parts 
the  folds  are  produced,  the  tubercular  endings  of  these  folds  usually 
descending  across  the  entire  outer  slope  of  the  bounding  ridge,  and 
in  some  cases  even  passing  a  little  beyond  it;  escutcheon  depressed, 
crossed  with  a  series  of  transverse,  somewhat  oblique,  straight,  or 
in  part  slightly  curved,  tubercular  costella^;  preareal  surface  orna- 
mented with  about  15  gently  curved  nodost*  costa*,  which  are  sub- 
vertical  near  the  infraareal  ridge  and  make  with  the  latter  at  first 
an  acute  and  then  approximately  a  right  angle,  descending  for  the 
most  part  obliquely,  though  steeply,  to  the  base;  the  costa?  attenuated 
and  simpler  near  the  area,  becoming  resolved  into  irregularly  more 
and  more  robust  nodes  as  they  recede  from  it,  the  posterior  and  inter- 
mediate costae  thus  enlarging  throughout,  while  a  few  of  the  shorter 
anterior  ones,  turning  forward  at  their  lower  ends  across  the  flat- 
tened front  of  the  shell,  are  here  again  reduced  to  nearly  simple 
ridges  which  dwindle  and  disappear  l>efore  reaching  the  valve  mar- 
gin; nodes  mostly  close  ranked,  commonly  12  to  16  on  the  larger  ribs 
of  adult  shells,  rounded,  often  more  or  less  compressed  so  as  to  trend 
with  the  growth  lines,  a  rib  often  having  a  single  very  large  node 
near  the  basal  margin  of  the  valve  especially  thus  elongated;  inter- 
vals between  the  costal  coarsely  concentrically  striate.  The  separation 
of  the  siphonal  currents  is  indicated,  as  in  the  Clavellatae  and  Scabra*, 
by  a  ridge  on  the  interior  of  the  shell.  The  ornamentation  shows  con- 
siderable mutability,  and  a  variety  occurs  in  which  the  entire  area 
is  covered  with  small  compressed  tubercles.  In  one  specimen  the 
costellaj  of  the  escutcheon  are  simple. 
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Measurements. — Approximately,  height,  76  mm.;  length,  87  mm.; 
breadth,  50  mm.  Two  very  young  examples  have  these  dimensions, 
respectively,  16,  17,  10,  and  25,  27,  15  mm. 

Occurrence, — So  far  as  the  collections  show,  this  Trigonia  does  not 
occur  in  the  Malone  district,  except  in  the  Malone  Hills  and  in  the 
Theta  subdivision  of  the  Trio  section.  In  these,  however,  IJ  miles 
east  of  Malone  station,  it  becomas  numerically  one  of  the  commonest 
fossils  of  the  Malone  formation.  In  the  rich  collecting  tract  there, 
on  the  basal  slopes  of  the  Truncate  mound  and  the  southeast  base  of 
hill  C  of  the  Trio,  and  especially  on  the  western  basal  slope  of  the 
former,  it  was  found  by  scores,  in  one  or  two  places  being  agglomer- 
ated in  beds,  mingled  more  or  less  with  other  fossils.  Between  75 
and  100  specimens  of  it  are  represented  from  this  tract.  But  if  the 
shells  of  other  Malone  fossils,  as  here  preserved,  prove  fragile  under 
the  rigorous  tem[)erature  changes  of  a  plateau  climate,  that  of  Tri- 
gonia vyschetzkii  is  so  especially,  and  of  the  large  number  collected 
many  are  in  half-released  fragments,  and  comparatively  few  make 
even  tolerably  fair  cabinet  specimens.  I  also  found  this  fossil  about 
half  a  mile  west-northwest  of  this  locality  on  the  south  side  of  the  flat 
saddle  that  separates  the  Trio  from  the  low  gypsum-parted  ridge 
which  continues  the  hill  range  in  that  direction. 

Tlie  series  of  quadrate  pits  mentioned  by  Lycetf  and  cited  by 
Steinmann  ^  as  occurring  posteriorly  on  the  interior  of  the  valve  near 
the  ventral  margin  in  Quadrata*,  is  lacking  in  T,  vyschetzkii.  The 
form  differs  from  that  of  the  Quadratae  and  agrees  wnth  that  of  the 
Clavellatae  in  Inking  considerably  longer  than  high,  yet  agrees  wnth 
Quadrata?  and  differs  from  Clavellatae  in  being  quadrilateral  instead 
of  subtriangidar.  In  having  the  escutcheon  ornamented  and  in 
some — usually  slight — tendency  which  the  areal  folds  manifest  to 
infringe  on  the  general  surface  below  the  limiting  angle,  on  the  pos- 
terior region,  the  shell  agrees  with  the  Quadrata?. 

The  T,  vysrhetzkii  is  thus  seen  to  be  closely  related  to  the  South 
American  T,  transitoria  Steinm.,  upon  which  and  the  related  T,  her- 
zogi  Hausmann,  of  South  Africa,  Steinmann,  in  1882,  proi>osed  to  add 
Pseudo'Quadratw  **  to  the  previously  known  sections  of  Trigonia.  Its 
profile  is  usually  less  elongate  and  the  ornamentation,  especially  that 
of  the  area  and  escutcheon,  less  coarse  than  in  T,  transit oria^  the 
folds  of  the  area  descending  the  lower  slope  of  the  limiting  angle,  but 
descending  only  a  little  (sometimes  not  at  all)  l>elow  it  on  the  pos- 
terior region. 

Normal  casts  of  Trigonia  vyschetzkii  are  differently  proportioned 
from  that  which — from  Tlaxiaco,  Mexico — Doctor  Felix  figures  as 


•  Mon.  Brit.  Fobs.  Trljfon..  p.  100, 

•Neiies  Jahrb.  filr  Mineral.,  1MH2,  vol.  1,  p.  221. 

'  Loc.  cit.,  pp.  219-228,  Pis.  VII-IX. 
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the  type  of  his  T.  sologureni^  a  shorter,  more  elevated,  and  much 
inoi-e  veiitricose  form  being  indicated  for  the  latter  species.  But  the 
cast  of  T,  ri/Hchetzkii^  in  one  or  two  of  our  specimens,  somewhat 
approaches  that  of  T.  sologureni  in  form,  while  several  species  of 
fossils  are  common  to  Malone  and  Tlaxiaco :  so  that  it  is  desirable  to 
compare  actual  shells  of  these  two  species  with  one  another  as  well  as 
with  the  shell  of  T.  trarmforia. 

Trigonia  goodelmi  Cragin. 
PI.  X,  figs.  1,  2. 
Trigonia  goodellii  Cragin,  1897,  Jour.  Geol.,  vol.  5,  p.  81G. 

Shell  of  about  medium  size  in  its  genus,  produced  ovate,  ventricose; 
valves  thick ;  beaks  situated  near  the  rear  limit  of  the  anterior  fourth, 
low,  strongly  inflated,  in  contact,  their  posterior  slope  strongly  angu- 
lated  to  form  the  limiting  angle  of  the  area ;  area  flattened,  nearly 
plain,  having  numerous  fine  oblique  growth  lines,  with  a  few  small 
folds  cros.sing  it  near  and  concentric  to  the  beaks,  these  folds  being 
continuous  of  and  making  an  angle  with  those  in  front  of  the  area, 
some  low  tubercles  along  the  marginal  angles,  and  a  faint  mesial 
sulcus;  escutcheon  bearing  only  inconspicuous  folds  which  radiate 
from  the  ligament,  those  of  the  pfoximal  part  being  nearly  transverse 
to  the  length  of  the  escutcheon  and  continuous  with  those  of  the  cor- 
responding part  of  the  area ;  general  ornamentation  consisting  of  a 
series  of  ribs,  which  on  the  posterior  part  of  the  preareal  surface 
are  largi^,  obtuse,  and  plain  or  subtuberculated,  separated  by  round- 
bottomed  valleys  of  about  their  own  width,  and  descend  almost  verti- 
cally (the  earlier  ones  more  obliquely  forward)  from  the  inferior 
border  of  the  area,  increasing  in  size  each  to  an  elbow-like  angle,  at 
which  they  turn  abruptly  forward,  l^ecoming  reduced  in  size  to 
costella^  in  front  of  these  elbows  and  partially  resolved  each  into  a 
series  of  small  tubercles,  these  costellae  being  accompanied  each  by  one 
or  two  similar  one.s  in  the  intervals  between  them,  the  costellae  dimin- 
ishing gradually  in  size  and  swinging  into  the  course  of  ordinary 
growth  linas  on  the  anterior  region,  and  there  becoming  continuous 
and  like  strong  reversed  imbrications,  each  presenting  its  acute  and 
more  elevated  border  dorsad.  The  series  of  costal  elbows  radiates  at 
first  doAvnward  and  then  obliquely  downward  and  backward  from 
the  beaks. 

Memurementa. — Height,  42  mm.;  length,  about  58  to  60  (plus?) 
mm. ;  breadth,  35  mm. 

■  Verstelnerungen  nus  dem  obepen  Jura  des  Terro  de  Tltanla  be!  Tlaxiaco  Im  Staat 
Oaxjioa,  IHOl,  Beltp.  (Jeol.  u.  l»al.  Mex.,  pt.  a,  ralaeontograpbica,  vol.  37,  p.  179,  PI. 
XXVII,  figs.  2,  2a. 
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Occurrence.^^Jne  and  a  half  miles  east  of  Malone  station.  Be- 
sides the  original  example  which  the  Messrs.  Goodell  discovered,  and 
from  which  the  illustration  and  measurements  have  been  taken,  17 
other  imperfect  specimens  and  fragments  were  obtained  at  this 
locality,  some  of  them  indicating  dimensions  perhaps  a  fourth  larger 
than  those  of  the  type. 

It  will  be  seen  from  the  description  that  the  ornamentation  of 
1\  goodellii  is  variable.  This,  however,  is  true  of  most  Trigonias, 
and  not  least  so  of  those  of  the  section,  Undulataj,  to  which  this  species 
belongs. 

None  of  the  Old  World  XJndulata?  known  to  me  corresponds  very 
closely  with  T,  goodellii.  Several  of  those  from  the  Great  Oolite, 
which  is  so  rich  in  Undulata^,  f)ear  more  or  less  resemblance  to  it;  but 
the  strict  analogue,  if  found,  may  be  expected  to  occur  in  the 
Tithonian. 

The  specie^s  was  named  after  the  late  Mr.  Robert  Wood  Goodell, 
whose  kind  services  in  assisting  me  to  determine  the  age  of  the  Malone 
formation  I  have  particularly  acknowledged  in  my  article  on  the 
"  Discovery  of  marine  Jurassic  rocks  in  southwestern  TexAs,"  the 
paper  in  which  the  species  was  first  briefly  characterized  and  named. 

A  Trigonia  cast,  showing  nothing  of  the  ornamentation,  but  indi- 
cating the  general  form  of  7\  goodellii^  having  still  larger  dimensions 
than  any  of  the  above,  and  belonging  not  improbably  to  this  species, 
was  obtained  by  Doctor  Stanton  from  conglomerate  on  the  west  face 
and  near  the  top  of  Malone  Mountain.  It  gives  the  following  meas- 
urements: Height,  G2  mm.;  length,  72  mm.;  breadth,  46  mm. 

Trujonia  calderoni  (C.  and  A.). 
PL  IX,  figs.  4-6. 

Goniomya  calderoni  Castillo  and  Agullera,  1895,  Bol.  Com.  Geol.  Mex.,  No. 
1,  p.  9,  PI.  v.  figs.  17,  18. 

Shell  elongate-trapezoid,  very  inequilateral,  moderately  inflated, 
the  region  of  greatest  convexity  extending  from  the  umbones  down- 
ward and  backward ;  anterior  region  relatively  short  and  of  consider- 
able height  relative  to  the  posterior,  the  anterior  contour  rounded: 
posterior  region  strongly  produced  backward  and  inclined  a  little 
upward,  gradually  and  strongly  tapered  toward  its  extremity,  which 
is  obliquely  truncate  and  looks  backward  and  upward,  its  flanks  more 
or  less  flattened ;  base  gently  convex  below  the  beaks,  ascending  thence 
anteriorly  in  an  easy  convex  curve  and  posteriorly  slowly  in  a  long 
and  nearly  straight  line;  l)eaks  but  moderately  elevated,  their  apices 
curved  inward  and  somewhat  backward  and  downward;  escutcheon 
rather  large  and  long,  plain;  area  of  moderate  width,  flattened,  trav- 
ersed lengthwise  by  a  mesial  groove,  and  transversely  linear-plicate. 
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the  plicules  separated  by  striae ;  preareal  surface  ornamented  with  two 
sets  of  ribs,  of  which  the  anterior  ribs  are  acute,  upwardly-imbricate, 
remote,  subhorizontal,  with  gentle  sigmoid  flexure,  presenting  a  slight 
upward  convexity  below  the  beaks  and  a  downward  one  farther  for- 
ward, and  alternately  reach  the  more  anterior  ribs  of  the  other  set; 
posterior  ribs  thicker,  more  obtuse,  and  more  narrowly  intervaled 
than  the  anterior,  nearly  straight,  and  directed  steeply  downward  and 
backward  from  the  limiting  angle  of  the  area,  the  proximal  of  these 
being  the  more  nearly  vertical  and  the  distal  and  inde[)endent  ones 
more  oblique,  the  intermediate  ones  being  the  longest.  Slight  irregu- 
larities sometimes  appear  in  the  course  of  the  anterior  ribs,  each  of 
which,  in  one  example,  bears  a  small  dorsally  directed  angle  at  the 
summit  of  its  infraumbonal  convexity. 

Measurements. — One  of  the  Texan  examples,  which  has  a  length 
of  58  nun.,  indicates  for  the  shell  in  part  restored,  a  height  of  3'2  mm. 
and  a  breadth  of  23  mm.,  approximately. 

Occurrence. — The  Malone  formation  yields  this  fossil  rather  spar- 
ingly. Eleven  specimens  and  characteristic  fragments  are  repre- 
sented. Eight  of  these  are  from  the  Malone  Hills,  \\  miles  east  of 
Malone  station ;  the  others  were  collected  about  a  mile  east  of  P^'inlay 
station. 

In  the  character  of  the  preareal  ornamentation,  the  species  pre- 
sents considerable  resemblance  to  Trir/onia  sulcataria  Lamarck,  as 
figured  by  Lycett  on  Pis.  XXVI  and  XXVIII  of  his  British  Fossil 
Trigoniir,  a  species  which  has  been  referred  to  the  Undulata*,  but  is 
shown  by  Lycett  to  belong  to  the  Scabra*.  The  plain  escutcheon, 
however,  at  once  separates  T.  calderoni  from  the  Sciibra*,  and  the 
same  and  all  of  the  other  external  characters  refer  it  to  the  Undu- 
latae. 

Trigonia  proscabra  sp.  n. 

PI.  X,  figs.  3-C. 

Shell  small,  crescentic-ovate  or  subsemicircular,  the  upper  border 
strongly  excavated,  anteriorly  inflated,  gradually  becoming  men* 
compressed  toward  the  posterior  extremity;  beaks  somewhat  pro- 
duced and  recurved;  escutcheon  large,  broader  than  the  area,  orna- 
mented with  rather  remote,  coarse,  but  not  very  strongly  elevated, 
oblique  costella?;  area  flattened,  narrow,  transversely  linear-plicate, 
traversed  by  a  mesial  depressed  line,  and  bounded  both  above  and 
below  by  a  row  of  tul>ercles,  those  of  the  lower  row  surmounting  a 
distinct  limiting  ridge  and  larger  than  those  of  the  preareal  costaj 
opposite  whose  terminations  they  are  placed;  the  areal  plications, 
though  fine  and  numerous,  are  mostly  separated  by  intervals  wider 
than  themselves;  preiireal  surface  denticulate-costate,  the  denticles 
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cuneiform,  each  consisting  of  a  superior,  compressed,  tuberculiform 
head  and  an  attenuated  cariniform  process  which  dwindles  to  a  point 
below,  crossing  the  longer  and  gentler  posterior  costal  slojje,  but  not 
crossing  the  fundus  of  the  intercostal  valley  quite  to  the  base  of  the 
comparatively  abrupt  anterior  costal  face.  The  costa^  are  moderately 
interspaced,  becoming  rather  widely  intervaled  when  the  shell  attains 
the  adult  size.  A  small  flattened  tract  formed  by  the  conjoined 
antero-dorsal  margins,  is  minutely  wrinkled  transversely  to  the 
margins,  as  the  earlier  ribs,  before  reaching  the  margin,  become  sud- 
denly reduced  and  changed  to  minute  linear  folds,  paralleled  in 
their  intervals  by  similar  folds,  of  which  there  are  two  in  each 
interval. 

MeasurementH. — Height,  about  30  mm.;  length,  36  mm. ;•  breadth, 
21  nmi.  One  specimen,  represtmted  by  a  considerable  part  of  a  right 
valve,  indicates,  with  a  breadth  of  about  the  same  or  a  millimeter  less, 
a  height  and  length  2  or  3  mm.  greater.  Young  examples  are  rela- 
tively shorter,  or  more  elevated,  one  such  example  having  height  20 
mm.;  length,  20  mm.;  breadth,  14  mm. 

Occun^ence, — One  and  a  half  miles  east  of  Malone  station.  About 
35  specimens  are  represented,  many  of  them  only  by  fragments.  A 
crushed  specimen  from  this  locality  has  the  costal  and  areal  orna- 
■  uientation  exceptionally  well  preserved  and  shows  an  almost  spinous 
prominence  of  the  denticles.  A  cast,  represt»nting  the  anterior  two- 
thirds  of  a  right  valve  on  which  the  costa?  are  indicated  as  plain 
undulations,  obtained  by  Doctor  Stanton  about  1  mile  east  of  Finlay 
station,  is  supposed  to  belong  to  this  species,  but  may  represent  T. 
prcestriata, 

Trigonia  proseahra  presents  points  of  resemblance  especially  to  two 
of  the  sections  of  its  genus,  and  does  not  agree  entirely  with  either. 
It  may  be  regarded  as  one  of  the  Clavellata?  which,  both  as  to  form 
and  preareal  ornamentation,  has  assumed  the  habit  of  a  common 
phase  of  the  Scabra*.  In  having  an  ornamented  escutcheon  it  differs 
from  the  typical  Clavellata*,  though  not  from  the  Pseudoquadrata^ — 
which  are  intermediate  In^twei^n  Clavellata>  and  Quadrata?.  In  hav- 
ing the  area  bounded  on  each  side  by  a  row  of  tubercles  and  below  by 
a  pronounced  limiting  ridge  it  resembles  the  Clavellatse, 

Trigonia  pr^:8triata  sp.  n. 
PI.  X,  fig.  7. 

Shell  small,  crescentic-ovate,  only  moderately  inflated ;  area  strongly 
and  closely  striated  in  a  direction  oblique  to  its  length,  bounded  below 
by  a  rather  strongly  compressed  and  prominent  limiting  ridge  or 
angulation;  preareal  ribs  about  12  or  14  in  number,  coarse,  remote, 
and  strongly  elevated,  descending  divergently  and  for  the  most  part 
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more  or  less  vertically,  and  increasing  rather  rapidly  in  size  from  the 
limiting  angulation  to  the  ventral  and  anterior  borders,  about  twice 
as  wide  as  the  plain,  flattish-concave  intervals  lx?tween  them,  their 
summits  obtuse  and  strongly  and  a  little  obliquely  cross-striated  in 
such  a  manner  that  the  striation  is  visible  if  the  ribs  are  viewed  tan- 
gentially  fpom  in  front,  but  invisible  if  so  viewed  from  behind. 

MeaaureTnents. — Height,  21  nmi. ;  length,  30  mm. ;  breadth,  10  mm. ; 
approximately. 

Occurrence, — A  single  mold,  representing  the  greater  part  of  a 
right  valve  in  excellent  detail,  is  the  type  and  only  known  specimen. 
It  was  obtained  by  Doctor  Stanton  on  the  east  slope  of  Malone  Moun- 
tain, near  its  southern  end,  200  or  300  feet  above  the  gypsum  bed  that 
there  forms  the  mountain's  base.  It  lacks  the  escutcheon,  the  upper 
part  of  the  area,  and  the  umbonal  apex,  but  the  exterior  characters  of 
nearly  all  of  the  rest  of  the  shell  may  be  readily  observed  either  in  the 
mold  or  on  the  gutta-percha  squeeze  taken  from  it.  The  species  is 
referred  to  the  section  Scabrse. 

Trigonia  munita  sp.  n. 
PI.  X,  figs.  8-11. 

Shell  ovate-pyramidal,  of  medium  or  rather  large  size  among  its 
congeners,  moderately  ventricose,  rather  elevated ;  valves  thick ;  area 
strongly  flattened,  separated  from  the  preiireal  surfac^c  by  a  very 
large  and  prominent,  obtuse,  somewhat  imbricated  radial  costa,  pre- 
ceded by  a  furrow,  the  areal  surface  l>eing  ornamented  witli  two 
rather  strong,  not  widely  separated,  cariniform  radial  costae,  which 
are  separated  from  each  other  by  an  interval  that  is  rather  narrow  as 
compared  with  that  between  either  costa  and  the  corresponding  areal 
border,  and  several  similar  but  smaller  costella?  or  rays,  there  being  at 
least  two  such  rays  in  the  anterior  interval;  preiireal  surface  orna- 
mented with  (25  to  30?)  strongly  and  rather  abruptly  elevated  con- 
centric ribs,  which  resemble  low  walls,  terminate  almost  abruptly  at 
the  preiireal  furrow,  and  are  in  large  part  only  about  half  as  wide  as 
the  flattish-concave  intervals  between  them. 

MeanurementH, — These  can  not  be  exactly  given,  owing  to  the  imper- 
fection of  the  material,  but  about  the  following  dimensions  are  appar- 
ently indicated  in  one  instance:  Height,  70  mm.;  length,  75  mm.: 
breadth,  42  mm.     In  another  the  height  is  about  80  mm. 

Occurrence. — Represented  by  three  very  imperfect  specimens  and 
a  number  of  characteristically  ornamented  fragments.  One  of  the 
specimens  were  obtained  by  Doctor  Stanton  near  the  south  end  of 
Malone  Mountain,  west  face,  near  top,  and  another  we.st  of  the  moun- 
tain, about  2  miles  west  of  Malone  station.  The  remainder  of  the 
material  is  from  the  locality  1\  miles  east  of  Malone  station.    All  of 
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the  known  material  represents  the  adult  condition,  or  at  least  rather 
large  sizes  of  the  shell,  unless  the  two  specimens  described  under  the 
head  of  Trigonia  rudicoatata  should  be  interpreted  as  the  young  of 
T,  munita.  This  species  with  the  two  that  follow  belong  to  the  sec- 
tion Costatee. 

Trigonia  rudicostata  sp.  n. 

PI.  XI,  figs.  1,  2. 

Shell  small,  ovate- pyramidal,  nearly  straight  (slightly  convex)  on 
the  postero-dorsal,  broadly  convex  on  the  ventral,  and  less  broadly  so 
on  the  anterior  side,  inflation  intermediate  in  degree;  beaks  situated 
at  rear  limit  of  the  anterior  fourth,  prominent  and  acute  at  the  com- 
pressed and  transversely  placed  summit,  excavated  on  the  posterior 
side,  turned  inward  and  somewhat  backward ;  area  nearly  flat,  shallow- 
concave  on  its  proximal  part,  w^de,  making  with  the  preiireal  sur- 
face an  angle  greater  than  a  right  angle,  and  separated  from  it  by  a 
compressed,  prominent  radial  costa,  which  is  larger  than  any  other 
costa  of  the  shell,  the  area  posterior  to  this  costa  being  ornamented 
with  4  or  5  similar  but  narrower  and  smaller  rays,  between  each  two 
of  which  are  3  to  5  still  smaller,  strongly  elevated,  linear  rays  or 
costellae,  the  intercostellar  spaces  being  at  least  as  wide  as,  or  for  the 
most  part  wider  than,  the  rays  themselves,  preareal  surface  orna- 
mented with  about  25  strongly  elevated,  round-topped  ribs  which 
parallel  the  basal  margin  and  are  mostly  slightly  wider  than  the 
intervals  between  them.  There  are  7  of  the  horizontal  or  concentric 
ribs  in  the  lower  half  in  one  specimen  and  10  on  the  lower  10  mm.  in 
another. 

Measurements, — Height,  23  mm,;  length,  27  mm.;  breadth,  16.5 
mm. 

Occurrence, — The  two  specimens  in  the  collections  were  obtained  1 J 
miles  east  of  Malone  station. 

Although  the  material  thus  far  .available  for  study  indicatas  be- 
tween T,  rudicostata  and  T,  munita  differences  of  both  radial  and 
concentric  ornamentation  too  marked  to  be  ignored,  it  is  quite  possi- 
ble that  new  material  from  localities  known  or  yet  to  be  discovered 
may  show  that  these  differences  are  due  to  conditions  of  age  or  indi- 
vidual variation;  for  it  is  noteworthy  that,  except  the  types  of  T, 
rudicostata^  no  Costatie  even  approaching  what  we  should  predicate 
for  the  young  of  T.  munita^  have  been  found. 

Trigonia  conferticostata  sp.  n. 
PI.  XI,  fiR.  3. 

Shell  small,  subtriangidar,  of  the  section  Costat«,  apparently 
more  elevated  than  T.  rudicostata;    posterior  area  costellate  with 
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linear  rays,  of  which  there  are  5  to  7  smaller  in  the  shallow-concave 
interval  between  each  two  of  the  larger;  a  large  radial  rib  ante- 
riorly limiting  the  area ;  preareal  surface  ornamented  with  about  40 
strongly  elevated  concentric  ribs  which  are  much  finer  than  those  of  T. 
rudicostata  and  between  one  and  a  half  times  and  twice  as  numerous, 
and  are  separated  by  intervals  prevailingly  narrower  than  them- 
selves. In  a  specimen  smaller  than  the  largest,  but  which  nearly 
corresponds  in  size  with  the  type  of  T,  rudicostata^  there  are  15  ribs 
on  the  lower  10  mm.  of  height  of  the  valve,  as  compared  with  10  on 
the  same  part  of  the  height  in  the  said  example  of  7\  rudicostata. 
As  against  7  ribs  included  in  the  lower  half  of  T,  imdicostata^  there 
are  in  one  specimen  of  conferticostata  not  less  than  12,  and  in  another 
14  in  the  corresponding  half. 

Measvreniciits, — The  dimensions  can  not  be  accurately  given.  The 
height  of  the  largest  specimen  is  about  33  mm.  An  apparently 
crushed  and  abnormally  elongated  specimen  gives  approximately: 
Height,  25  mm. ;  length,  29  mm. ;  breadth,  15  mm. 

Occurrence, — The  species  is  represented  by  one  nearly  complete 
shell,  two  considerable  portions  of  valves,  and  a  few  fragments;  from 
locality  1^  miles  east  of  Malone  station.  The  shell  fragment  col- 
lected in  1805  by  the  Messrs.  Goodell,  and  which  I  referred  to  in 
volume  5  of  the  Journal  of  Geology  (p.  817)  as  ''  possibly  a  Trigonia 
of  the  section  Costataj,"  is  of  tliis  species. 

ASTARTID^E. 
Genus  ASTARTE  Sowerby. 

ASTARTE    BREVIACOLA  Sp.  n. 
PI.  XI,  fig.  4. 

Ct.  Astarte  microphycs  Felix,  1801,  Beitr.  Geol.  u.  Pal.  Mex.,  pt.  3,  p.  179.  PL 
XXVII,  fig.  31. 

The  locality  1^  miles  east  of  Malone  station  yielded  frequent  ex- 
amples of  this  fossil.  They  agree  fairly  well  with  Doctor  Felix's 
description  of  Astarte  microphyes^  but  not  with  his  figure.  As 
regards  the  peculiar  disposition  of  the  ribs  which  is  given  for  ^1, 
microphycs^  the  tendency  to  posterior  angular  bending  is  well  shown 
in  most  specimens  of  the  Malone  Astarte,  but  a  tendency  to  anterior 
angular  bending  is  little  or  in  some  cases  apparently  not  at  all 
expressed.  If  the  Cerro  de  Titania  and  the  Malone  specimens  are 
referable  to  one  and  the  same  species,  microphycs^  as  seems  hardly 
possible,  the  form  of  that  species  is  not  quite  correctly  shown  in  the 
original  figure,  as  the  anterior  part  of  the  dorsal  line,  instead  of 
sloping  like  the  posterior  part,  is  strongly  excavated  just  in  front  of 
the  beaks  in  all  of  the  Malone  specimens  in  which  this  part  of  the 
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shell  is  shown.  The  triangular-ovate  to  quinquelateral  outline  pre- 
sents dorsally  a  nearly  straight  incline  back  of  the  beaks  and  is 
strongly  excavated  in  front  of  them ;  has  a  long,  gently  convex  base, 
and  is  posteriorly  or  infero-posteriorly  truncate,  and  narrowly 
I'ounded  anteriorly.  The  shell  is  quite  strongly  compressed,  and  the 
ribs  of  either  valve  reach  11  in  number.  The  ribs  are  coarse,  strongly 
elevated,  gently  compressed,  and  separated  by  round-bottomed  inter- 
vals a  little  wider  than  themselves.  Of  more  than  60  specimens 
collected  from  east  of  Malone,  a  single  one,  among  the  young  exam- 
ples, is  quite  ventricose,  gapes  slightly  in  the  interval  between  two  of 
the  subdistal  ribs,  and  exposes  there  a  double  and  interlocking  set  of 
strong  denticles  like  those  of  the  internal  margins  of  the  adult  shell. 

Measurements, — The  specimen  figured  has  the  following  dimen- 
sions: Height,  10  mm.;  length,  14  mm.;  breadth,  4  mm.  In  less 
perfect  examples  a  height  of  12  mm.  and  a  length  of  16  mm.  are  indi- 
cated. 

ASTARTE  MAIiONENSIS  Cragiu. 

PI.  XI,  figs.  10,  11;  PI.  XII,  flgs.  1-^. 

Venu8  malonensis  Cragln,  18^,  Fourth  Ann.  Rept  Geol.  Survey  Texas,  pt 
2,  p.  216,  PI.  XXXV,  flgs.  1  and  2;  and  Jour.  GeoI.,vol.  5,  p.  817. 

Shell  rather  large,  thick-valved,  moderately  ventricose,  or  some- 
times slightly  compressed,  inequilateral,  broadly  and  variably  sub- 
ovate;  the  dorsal  side  flattish-convex  behind  the  beaks  and  excavated 
in  advance  of  them;  the  anterior  side  rounded  or 'slightly  subtruncatc 
from  being  a  little  prominent  in  its  upper  part;  the  posterior  side 
rather  narrowly  convex;  the  base  broadly  convex;  beaks  only  moder- 
ately elevated,  approximate,  their  summits  varying  from  subcentral 
to  a  position  just  back  of  the  anterior  third;  lunule  and  escutcheon 
deeply  and  abruptly  impressed,  especially  the  former,  which  is  nar- 
row-cordate; cardinal  teeth  2-2,  unstriated,  the  central  of  the  right 
valve  being  much  larger  than  the  anterior  and  the  posterior  of  the 
left  valve  being  larger  than  the  central ; "  a  posterior  remote,  hori- 
zontal, pliciform  lateral  tooth  in  either  valve  fitting  into  a  corre- 
sponding groove  in  the  other;  pallial  line  sinuate,  its  impress  on  the 
best-preserved  casts  crossed  by  faint  radial  plications;  pallial  sinus 
ample,  its  anterior  and  posterior  limbs,  respectively,  subvert ical  and 
subhorizontal  (the  latter  a  little  ascending),  its  fundus  obtuse;  valve 
margins  crenulated  within;  shell  ornamented  with  numerous  sul)equal 
to  unequal  concentric,  coarsely  linear  pliciform  growth  lines,  whose 
sequence  is  usually  interrupted  by  remote  and  more  elevated  folds, 


*The  cardinal  teeth  are  here  regarded  as  3  In  each  valve,  but  with  1   In  each  valve 
otMolete. 

BiilL  260—05 
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imbrications,  or  constrictions  that  tend  to  mark  off  the  surface  into 
regular  stages. 

MeasurcjuetitH. — The  type  measurements — height,  72  mm.;  length, 
83  nun. :  breadth,  55  mm. — are  those  of  a  rotund-ovate  example.  The 
height  is  often  somewhat  less  in  proportion  to  the  length.  Adult 
specimens  of  average  inflation  have  the  breadth  equal  to  about  two- 
thirds  of  the  height.  The  maximum  know^n  size  is  indicated  by  an 
imperfect  specimen,  which  has  a  height  of  79  mm. 

Occurrence. — This  is  one  of  the  commonest  and  most  conspicuous 
of  the  fossils  of  the  Malone  formation.  It  ranges  through  all  of  the 
fossiliferous  part  of  the  Theta  subdivision  that  is  exposed  in  the 
Malone  hills,  (x*curring  not  only  at  the  principal  collecting  ground,  a 
mile  and  a  half  east  of  Malone  station,  but  also  west  of  the  Trio. 
About  1>0  specimens  were  collected  at  the  former  locality.  Examples 
were  obtained  from  the  west  side  of  the  north  end  of  Malone  Moun- 
tain, at  the  same  horizon  and  locality  that  yielded  the  specimens  of 
Nautilus;  from  the  first  high  ridge  west  of  Malone  Mountain,  about  2 
miles  wci^t  of  Malone  station,  and  from  a  locality  about  1  mile  east  of 
Finlay  station.  A  probable  example  was  obtained  by  Doctor  Stanton 
from  the  w^estern  foothills,  2  miles  north  of  the  southern  end  of  Malone 
Mountain,  and  a  distorted  one  was  found  by  me  on  the  anticline  in 
the  east  side  of  the  mountain,  about  a  mile  from  its  southern  end. 

Rotinid-ovate,  transverse-ovate,  and  oblique  or  rhombic-ovate  are 
all  more  or  less  closely  approached  by  the  lateral  profile  of  this  shell 
as  preserved,  which  also  in  some  cases  is  nearly  equilateral.  A  part 
of  this  variation,  but  evidently  not  all  of  it,  is  to  be  attributed  to  the 
dynamical  stresses  to  which  the  Malone  rocks  have  been  subjected. 
In  yomig  examples  the  form  is  usually  more  oblong,  less  equilateral, 
and  less  compressed,  and  the  concentric  ribbing  becomes  more  pro- 
nounced and  regular,  approaching  the  type  of  ornamentation  com- 
monly s(»en  in  medium-sized  and  small  species  of  Astarte. 

The  species  seems  to  be  sufficiently  near  the  Jurassic  section,  Ccelas- 
tarte,  of  Bcihm.'*  It  differs  from  Afitarte  excavata  Sby.,  the  best 
known  repres(»ntative  of  that  section,  in  being  less  strongly  inequi- 
lateral and  in  having  none  of  the  cardinal  teeth  striated.  The  central 
cardinal  of  the  right  valve,  while  it  is  the  largest  tooth  of  the  shell, 
is  rolatively  smaller  than  that  of  .1.  e.rcarata  as  figured  by  Bohm. 
In  form  it  approaches  the  sinupalliate  species  Astarte  neocomiensia 
d'Orb,  from  which  it  differs  by  hinge  details  and  its  crenulated 
margins. 

Stoliczka '' observes: 


«  Cipl.istarte  und  Uetpropls,  Ber.  Natiirf.  Ges.  Freiburg,  I.  B.  Bd.  7,  1893.  pp.  169-17H. 
IM.  VIM. 

*Cret.  rolecypoda  of  Southern  India,  p.  285.  Memoirs  of  tUe  («eolopIcal  Survey  of 
India.     Palieoutoiogla  Indlca,  vol.  3,  Calcutta,  1871, 
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Eriphyla  especially  seems  to  be  largely  r«»presented  among  the  fossil  Astarte, 
as  recorded  at  the  present  time,  and  probably  all  the  species  which  have  an 
indication  of  a  posterior  pallial  sinus  belong  to  the  former  genus.  They  can 
scarcely  be  referred  to  Astarte,  for  tlie  single  anal  oi)ening  which  the  animal 
of  this  last  possesses  lies  behind  the  i)osterior  muscular  scar,  but  not  below  It, 
where  the  formation  of  a  sitms,  if  present,  must  be  due  to  the  development  of 
muscles  supporting  a  branchial  siphon,  or  at  least  a  special  branchial  opening. 
Neither  of  these  are,  however,  present  in  Astarte. 

But  so  gradual  is  the  transition  from  none  to  a  well-marked  pallial 
sinus  that  it  seems  impossible  in  practice  to  distinguish  Eriphyla  from 
Astarte  clearly  by  this  criterion. 

Astarte  posticalva  sp.  n. 
PI.  XI,  figs.  5,  6. 

Shell  small,  thin,  triangular-ovate,  of  intermediate  convexity; 
beaks  rather  prominent  and  pointed,  directed  somewhat  forward, 
anteriorly  excavated,  placed  near  and  usually  back  of  the  limit  of  the 
anterior  third;  posterior  slope  a  little  flattened;  anterior  three- 
fourths  (to  four-fifths)  of  shell  ornamented  with  numerous  linear 
concentric  costella?,  which  are  separated  in  strong  relief  by  deep  stria; 
about  half  as  wide  as  themselves;  the  flattened  posterior  fourth  or 
fifth  fonning  a  sort  of  area  which  is  plain,  or  marked  with  ordinary 
growth  lines  only,  and  is  separated  from  the  preareal  surface  by  a 
very  obtuse  or  rounded  radial  angulation  which  is  not  of  itself  a  dis- 
crete and  salient  feature,  but  consists  merely  of  the  rather  abruptly 
curved  transition  from  the  outer  to  the  flattened  posterior  slope  of 
the  shell.  The  costellse  are  deflected  at  their  posterior  ends,  vanish- 
ing rather  rapidly,  but  not  abruptly,  as  they  approach  the  plain  area. 

Measurements, — Height,  13  nmi.;  length,  15  mm.;  breadth,  10  mm. 
A  valve  of  another  specimen  has  a  height  of  about  14  mm.  and  a 
length  of  17  mm. 

Ocrurreiiee. — Not  infrequent  H  miles  east  of  Malone  station. 
Twenty-one  specimens  were  collected. 

Astarte?  i8()iK)N'n)U)Es  sp.  n. 

ri.  XI,  figs.  8, 1). 

Shell  small,  gibbous,  inequilateral,  oblong-ovate,  the  dorsal  line 
gently  declivous  and  slightly  convex  back  of  the  beaks  and  very 
feebly  excavated  in  front  of  them;  base  nearly  straight;  anterior 
side  rounded ;  posterior  side  obliquely  truncated ;  beaks  low,  in  con 
tact,  situated  near  the  anterior  third,  an  obtuse  umbonal  ridge  or 
inflation  extending  from  their  summits  to  the  postero-ventral  margin, 
and  the  greatest  breadth  of  the  shell  being,  by  reason  of  such  infla- 
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lion,  near  the  anterior  limit  of  the  posterior  third;  flanks  and  post- 
umbonal  slopes  more  or  less  flattened ;  ligament  external,  short ;  sur- 
face of  shell  concentrically  striate,  or  ornamented  with  numerous 
strong  linear  elevations  whose  development  varies,  and  is  more  regu- 
lar on  the  proximal  part  of  the  shell,  while  on  the  distal  part  there 
are  one  or  two  excavated  zones  bounded  by  high  lines.  The  lines  run 
nearly  straight  for  a  considerable  part  of  their  course  parallel  to  the 
base,  turning  upward  more  shortly  at  the  posterior  than  at-  the  ante- 
rior end  of  it. 

Measurements. — Height,  13  mm.;  length  (restored),  about  18 mm.; 
breadth,  10  mm. 

Occurrence, — A  mile  and  a  half  east  of  Malone  station.  Only  1 
specimen  of  the  typical  form  was  obtained.  Of  3  others  believed  to 
be  only  young  and  compressed  examples  of  the  species,  2  are  more 
or  less  complete  right  valves,  1  of  which  shows  a  ligamental  groove 
and  a  strongly  denticulated  inner  margin;  and  the  third  is  a  shell 
quite  flattened  out.  All  three  of  these  young  examples  agree  with 
the  proximal  and  differ  from  the  distal  part  of  the  type  shell  in  hav- 
ing a  tendency  to  a  rather  uniform  and  close  development  of  the  con- 
centric linear  costellrc. 

The  specific  name  refers  to  some  resemblance  which  the  shell  pre- 
sents in  form  to  that  of  Isodonta,  as  represented  by  the  type  of  tha^ 
genus,  /.  deshayesii  Buv. 

ASTARTE?   CRATICX^LA  Sp.   U. 
PI.  XI,  fig.  7. 

Shell  small,  rather  ventricose,  subovate,  strongly  depressed  along 
a  narrow  zone  near  the  posterior  cardinal  border  from  the  beaks  to 
the  posterior  extremity;  beaks  well  inflated,  moderately  elevated, 
placed  somewhat  in  advance  of  the  middle  and  back  of  the  anterior 
third;  postero-dorsal  flattened  area  separated  from  the  rest  of  the 
shell  by  a  radial  angulation  and  itself  divided  into  two  concave 
zones  by  a  radial  cariniform  angulation;  the  general  surface  of  the 
valves  ornamented  rather  closely  with  regular,  blunt-topped,  concen- 
tric costella?,  which  are  in  strong  relief  and  separated  by  intervals 
of  about  their  own  width.  The  ornamentation  of  this  shell  recalls 
the  genus  Trigonia. 

Meamirements, — Estimated  measurements  only  can  be  given,  the 
margins' of  both  valves  of  the  type  being  imperfect.  The  apparent 
approximate  dimensions  are:  Height,  22  mm.;  length,  28  mm.; 
breadth,  17  mm. 

Occvrrence. — The  only  specimen  obtained  is  from  the  locality  1^ 
miles  east  of  Malone  station. 
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CRASSATELLID^E. 

Genus  PTYCHOMYA  Agassiz. 

Ptychomya  stantoni  sp.  n. 

PI.  XII,  figs.  4-4]. 

Shell  small,  compressed,  cuneate-ovate  or  trapezoid-ovate,  a  little 
excavated  at  the  front  of  the  beaks;  the  anterior  side  short,  rounded; 
the  posterior  side  long;  the  dorsal  margin  having  a  gentle  and  nearly 
straight  descent  back  of  the  beaks  for  a  considerable  distance  and 
then  declining, more  rapidly,  so  that  the  posterior  side  of  the  shell 
is  obliquely  truncate  above;  the  base  nearly  straight  in  its  median 
and  major  portion;  the  posterior  umbonal  slope  forming  with  the 
outer  slope  a  gentle  shoulder;  valve^s  thick,  their  margins  crenulated 
within:  beaks  very  little  salient;  lunule  cuneate-lanceolate,  deeply 
excavated;  surface  ornamented  with  a  considerable  number  of  ribs 
which  form  an  anterior  nearly  vertical  series  of  upwardly  directed 
chevrons  below  the  beaks,  and  a  posterior  oblique  series  of  nearly 
closed,  distally  directed  angles  whose  apices  lie  on  the  umbonal 
shoulder;  on. the  posterior  part  of  the  shell  the  ribs  pursue  a  nearly 
straight  course  backward  and  downward  to  the  basal  and  posterior 
margins,  though  arranged  in  two  converging  sets,  in  each  of  which 
they  are  slightly  divergent;  on  the  anterior  region  they  are  subhori- 
zontal,  curved  forward  and  upward,  and  often  minutely  undulated 
or  zigzagged.  The  sides  of  the  subumbonal  chevrons,  exclusive  of 
the  part  that  forms  the  usually  more  or  less  cuspidate  apex,  diverge 
at  an  angle  which  is  right  or  sometimes  slightly  acute  in  the  earlier 
ribs  and  becomes  quite  obtuse  in  the  later  ones.  The  ribs  are  gen- 
erally linear-compressed  and  separated  by  broader  concave  intervals, 
but  in  occasional  specimens,  and  especially  on  the  posterior  region,  are 
more  obtuse,  with  the  intervals  equaling  or  distally  exceeding  them. 

Measurements. — A  nearly  complete  right  valve  indicates:  Height, 
16.5  mm.;  length,  31  mm.;  breadth,  8  or  9  mm.  An  internal  cast  of 
a  right  valve  gives:  Height,  18  mm.;  length,  32  mm. 

Occurrence. — Twenty-three  specimens,  in  part  only  fragments,  with 
the  characteristic  ornamentation,  are  in  hand.  All  are  from  the 
locality  1^  miles  east  of  Malone  station,  and  most,  if  not  all,  from  the 
lower  part  of  the  Theta  beds  there  outcropping. 

In  pattern  of  ornamentation  and  in  size  Ptychomya  stantoni  comes 
nearest  to  Pt.  complicata  Tate,  from  which  it  differs  in  having  the 
beaks  less  anteriorly  placed  and  the  posterior  truncation  very  oblique 
instead  of  nearly  square;  the  position  of  the  beaks  and  the  line  of 
chevrons  below  them  is  as  in  Pt.  koeneni  Behrendsen.  The  general 
form  has  some  resemblance  to  the  latter  species,  but  its  lateral  profile 
departs  more  from  a  regular  oval  and  tends  toward  a  cuneate.     It 
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differs  from  Pt.  koeneni  also  by  its  much  smaller  size,  and  in  the 
absence  of  small  downward-pointing  chevrons  at  the  apices  of  the 
middle  and  lower  of  the  large  upward-pointing  ones. 

The  species  is  named  after  Doctor  Stanton,  who  first  recognized 
its  genus  on  seeing  it  in  my  collection  at  Sierra  Blanca,  Tex.,  he 
having  previously  ascertained  that  Pholadomya  ragsdalei  Nobis 
belongs  also  to  Ptychomya.  Doctor  Stanton  has  recently  shown  me 
two  casts  of  the  latter  specias  on  which  the  hinge  characters  of  the 
left  valve,  as  descril)ed  and  figured  by  Pictet  and  Campiche,**  are  well 
displayed. 

The  Ptychomya*  hitherto  described,  so  far  as  known  to  me  at  this 
time  (1899),  are  as  follows: 

Ptychomya  rohinaUUni  (d'Orbiguy),  1S43,  Pal.  Fr.,  Terr.  Cret,  voL  3,  p.  75,  pi. 

204.  figs.  lO-ia 
Ptychomya  Holita   (d'Orhigny).  1851,  Rev.  et  Mag.  de  Zo6I.,  2d  series,  vol.  3, 

p.  381,  pi.  10,  figs.  3,  4. 
Ptychomya  sp.     riinaiued.     I)eseril»ed  and  figured,  1857,  by  Pictet  and  Rene- 

vier  In  Pal.  Suisse,  Terr.  Ai)tien  de  la  Porte  du  RhOne,  et  Ste.  Croix,  p.  90, 

pi.  11,  figs.  2a,  2b,  3a,  3b,  as  of  Pt.  robimtldina  (d'Orb.),  but  removed  from 

the  latter  by  Pictet  and  Canipiehe  in  186(>  (Pal.  Suisse,  Foss,  Terr.  Cret. 

Ste.  Croix,  p.  357),  and  placed  near  /*/.  tt^'ocomiemis  (de  Lorlol)  either  as 

a  variety  of  the  latter  or  a  distinct  8|jecies. 
Ptychomya  buchiana  (Karsten).  1858,  Geognost.  Verha^ltn.  des  Westl.  Colunib., 

Bericht  32  ste  Versamml.  Deutsch.  Naturf.  u.  Artze,  p.  113,  PI.  V,  figs.  7a,  7b. 
Ptychomya  neocomiensin   (de  Lorlol),  1861,  Descr.  des  Anim.  Foss.  du  Mont 

Sal^ve,  p.  71,  pi.  9,  figs.  1-4. 
Ptychomya  dwdalea  Coquand,  1806,  Mon.  Pal.  de  TKtage  Aptien  de  TEspagne, 

p.  127,  PI.  XX,  figs.  1.  2. 
Ptychomya  gennani  Pictet  and  Camplche,  1866,  Pal.  Suisse,  Terr.  Cret  de  Ste. 

Croix,  p.  354,  PI.  CXXVII,  figs.  7.  8. 
Ptychomya  complicata  (Tate),  1867,  Quart  Jour.  Geol.  Soc.  London,  vol.  23,  Pt 

1.  p.  160,  PI.  IX,  fig.  8. 
Ptychomya  zittcH  Dames,  1873,  Zeitschr,  Deuts<h.  Geol.  Gesellsch.,  vol.  25,  p 

380,  PI.  XII,  figs.  1,  2. 
Ptychomya  sp.     Unnamed.     Described  and   figured,   1882.  by   Franz  Toula   In 

Denkschr.  Kais.  Akad.  Wissensch.  Mat.-Nat.'  CI.,   Bd.  XLIV.  2te  Abth..  p. 

,35,   Pi.   IV,    fig.    18.     Regarded   l>y  Toula   as   probably   identical   with    Pt. 

iwoco7tnenf<is.  tliough  be  notes  differences.     It  seems  to  me  to  be  separated 

by  its  strongly  arched  principal  coste  and  dormil  border,  as  well  as  by  Its 

size. 
Ptychomya  kocncnl  Rehrendsen,  181)2,  Zeitschr.  Deutsch.  Geol.  Geselseh.,  vol. 

44.  p.  23,  PI.  II,  fig.  4,  and  pi.  3,  figs.  8a,  8b. 
Ptychomya  ragsdalei  (Cragin),  18t>5,  Colorado  College  Studies,  V,  p.  58. 

In  addition  to  the  above,  a  species  of  Ptychomya  has  been  reported 
by  G.  Steinmann  ^  as  occurring  in  the  Cordilleras  at  Chilian,  Chile, 
possibly  in  the  same  l>ed  with  Trir/onhi  tratmtoria  Steinmann.  This 
Trigonia  occurs  also  at  Caracoles,  Bolivia,  from  an  unknown  horizon 


•Pal.  Suisse,  Terr.  Cret.  de  Ste.  Croix,  p.  Sfil,  PI.  CXXVII,  figs.  9d.  9e. 
»  Neues  Jahrbuch  f.  Mln.,  etc..  1882,  vol.  1,  p.  224. 
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that,  on  the  ground  of  the  kind  of  rock  attached  to  the  r^pecimen, 
Professor  Steinmann  regards  as  probably  Lower  Cretaceous,  though 
nearly  all  of  the  Mesozoic  fossils  that  he  lists  from  Caracoles  he  con- 
siders Jurassic.  I  am  not  aware  that  the  Chilian  Ptychomya  has 
been  specifically  named  or  described. 

The  orbicular,  toothless,  divaricately  ornamented  shell  described 
by  Lycett**  as  Ptychomya?  agassizii^  and  the  elongate  Pandora? 
(Bquivalvis  Deshayes  ^  and  Crassatella  eornveliana  d'Orb.*^  which  have 
been  referred  to  Ptychomya  by  some  paleontologists,  nn}.  here,  follow- 
ing Stoliczka,''  excluded  from  the  genus. 

The  size  of  the  shell  in  Ptychomya  seems  to  have  l)een  less  in  the 
earlier  history  of  the  genus  and  to  have  reached  its  maximum  in  the 
Gault.  The  relation  of  size  to  time  is  indicated  in  the  following  table, 
in  which  an  attempt  has  been  made  to  group  the  species  roughly  in  ac- 
cordance with  their  relative  geological  position,  known  or  supposed: 

Table  ahotoing  sizes  of  species  of  Ptychomya  at  various  geological  epoclis. 


Species. 

Length. 

Geological  position. 

Locality. 

zitteli 

mm. 
90 

Tnronian . 

Western  Alps. 

ragsdalei 

105 

Upper  part  of  Denison  stage 

Northern  Texas. 

bnchiana 

120 

Ganlt 

United  States  of  Co- 
lombia. 

dsedalea..... 

110 

Aptian 

Spain. 

(Unnamed)  . 

80 

Aptian ,i 

Switzerland. 

solita 

80 

(?  Upper  part  of)  Lower  Cretaceons. 

United  States  of  Co- 
lombia. 

(Unnamed)  . 

67 

Uppermost    Neocomian    (probably 
fideTonla). 

Western  Balkans. 

neocomiensis 

60 

Lower  and  middle  New^omian 

France,  Switzerland. 

koeneni  

57 

Neocomian  *' 

Argentine  Cordil- 
leras. 

robinaldina  . 

35 

Lower  and  middle  Neocomian/ 

France,  Switzerland, 
England. 

germani 

40 

Lower  Neocomian  ( Valangian) 

St.  Croix,  Switzer- 
land. 

complieata . . 

31.7 

Lower  Neocomian?  ( Jnrassic?) 

Cape  of  Good  Hope. 

Btantoni 

32 

Malone 

Southwestern  Texa.s. 

•  Proc.  Cotteswold  Natufalists*  Club,  vol.  1,  p.  69,  PI.  II,  figs.  6,  Oa. 

*  Mem.  Soc.  O^l.  de  France,  vol.  5,  p.  4,  pi.  a,  figs.  7a,  7b. 
*■  Pal.  fr.,  Terr.  Cr#t.,  vol.  3,  p.  74,  pi.  264,  figs.  7-9. 

'  See  Cret.  Fauna  Southern  India,  vol.  3,  p.  294. 

'  Bebrenaden  compares  his  S|>ecies  with  the  lower  and  middle  Neocomian  species. 
germani  and  robinaldina. 

f  Morris  and  E.  Forbes  have  recorded  this  species  from  the  lower  Greensnnd ;  but 
these  records  are  early  ones  (1845  and  1854)  and  not  Improbably  refer  to  Pt.  ncot^mien- 
sis,  which  was  not  established  till  1861.  A  species  close  to  Pt.  neocomiensis,  and  porliaps 
not  specifically  distinct  from  It,  was  referred  to  robinaldina  by  Plctet  and  Renevler  ns 
late  as  1857  to  1866.     See  remarks  In  above  list  of  hitherto-described  I'tychomys. 
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Genus  LUCINA  Brug. 

LuciNA  POTosiNA  C.  and  A. 

PI.  XIII,  figs.  4,  5. 

Lucina  potosina  Castillo  and  AguUera,  1895,  BoL  Com.  Geol.  Hex.,  No.  1. 
p.  G.  PI.  IV,  figs.  2,  3,  and  6;  and  PI.  V,  figs.  11  to  14. 

Five  specimens  from  the  locality  1^  miles  east  of  Malone  station 
seem  to  agree  sufficiently  well  in  size  and  form  with  the  small,  trans- 
verse and  rather  inflated  Sierra  de  Catorce  shells  that  constitute  the 
type  variety  of  Lucina  potoftina. 

The  following  is  a  translation  of  Castillo  and  Aguilera's  descrip- 
tion of  the  species: 

SheU  transversely  oval,  relatively  compressed.  Inequilateral.  Buccal  region 
longer  than  the  anal,  uniformly  rounded  at  its  extremity  and  nearly  of  the  sanie 
width  as  the  anal.  Lunule  well  developed,  rather  deep  and  generally  wider  In 
the  right  valve.  Anal  region  nearly  of  the  same  breadth  as  the  buccal,  rounded 
at  its  extremity,  more  Infiated  than  the  buccal  region.  LIgamental  area  narrow, 
deep,  and  elongated,  occupying  the  whole  length  of  the  anal  region.  Cardinal 
border  slightly  concave  on  the  buccal  side  and  straight  or  gently  convex  on  the 
anal  side.  Umbones  subcentral,  contiguous,  and  a  little  Inclined  to  the  buccal 
side.  Ventral  or  lower  border  little  curved,  joined  to  the  anterior  and  posterior 
borders  by  arcs  of  more  pronounced  curve  than  Its  general  curvature.  B'lanks 
convex,  more  inflated  below  the  beaks  where  the  major  convexity  Is  found;  this 
diminishes  gradually  toward  the  borders.  Surface  adorned  with  delicate  con- 
centric costellce,  little  salient  and  separated  by  plain  intervals  four  to  six  times 
wider  than  the  costella*.  Length,  19..  20.5,  21  mm. ;  breadth.  In  relation  to  the 
length,  0.79,  0.80,  0.85;  thickness,  in  relation  to  the  length,  0.47,  0.48,  0.4a 

The  exact  geological  position  of  Lucina  potoaina  at  its  type  locality 
is  not  known,  as  the  records  are  somewhat  conflicting.  Castillo  and 
Aguilera  state,  on  page  8  of  the  above-cited  bulletin,  that  the  types 
of  this  species  and  of  Cyprina  coteroi  were  found  associated  with 
Alamitos  fossils,  but  were  petrified  in  flint,  believed  to  have  been  de- 
rived from  the  flint-bearing  limestones  of  their  "  grupo  superior,''  that 
overlie  the  sandstones  of  the  Cieneguita  (Lower  Cretaceous)  as  the 
Cieneguita  in  turn  overlies  the  Alamitos  (Upper  Jurassic).  On  page 
49  of  the  same  they  omit  Cyprina  coteroi^  but  include  Lucina  potosina 
in  the  list  of  fossils  of  the  grupo  superior,  and  state  that  Schloenbachia 
af.  in  fata  is  the  only  fossil  found  in  the  limestones  of  the  grupo 
su[>erior,  a.scribing  Ljicina  potosina  and  the  other  fossils  of  the  gruf)o 
su{)erior  to  calcareous  and  marly  shale  below  the  -limestone,  in  the 
base  of  the  grupo.  Finally,  on  page  50,  Cyprina  coteroi  is  given  as 
one  of  the  fossils  of  the  Alamitos  beds,  which  are  Upper  Jurassic. 
In  view  of  the  confusion  that  has  arisen  regarding  the  original  strati- 
graphic  source  of  these  fossils,  and  the  further  fact  that  the  actual 
collecting  of  them  seems  to  have  been  from  among  the  fossils  of  the 
Alamitos,  there  would  appear  to  be  some  uncertainty  as  to  their 
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having  come  from  the  flint-bearing  limestones  of  the  grupo  superior, 
notwithstanding  the  flinty  character  of  their  fossilization  and  a  pos- 
sibility, at  least,  that  both  species  may  have  come  from  some  minor 
intercalation  or  segregation  of  siliceous  matter  in  either  the  Ciene- 
guita  or  the  Alamitos  beds. 

LuciNA  poTosiNA  var.  METRicA  var  n. 

ri.  XI 11,  figs.  6-10. 

Lucina  metrica  Cragin,  1898,  Jour.  Geol.,  vol.  5,  p.  817. 

Lucina  potoaina  t  Cragin,  1898,  loc.  cit,  p.  817  (footnote)  and  p.  819. 

Shell  equivalve,  compressed  or  little  inflated,  flattish-lenticular, 
suborbicular,  yet  tending  somewhat  to  a  four-  or  five-sided  outline, 
usually  a  little  transverse,  but  often  not  markedly  so,  sometimes 
about  equilateral,  for  the  most  part  slightly,  and  in  exceptional  cases 
considerably,  inequilateral;  valves  thin;  postero-dorsal  region  some- 
what especially  compressed  in  contrast  with  the  gently  inflated  um- 
bonal  region  in  front  of  it,  the  concavity  here  being  counterbalanced 
by  a  feebler  compression  of  the  antero-dorsal  region;  beaks  very 
small  and  depressed,  subcentral,  usually  placed  a  little  back  of  the 
middle;  surface  ornamented  with  widely  and  regularly  interspaced, 
strongly  and  abruptly  elevated,  linear-compressed,  concentric  costellte. 
The  spaces  between  the  latter  are  about  six  times  as  wide  as  the 
costellae  themselves,  flat,  marked  only  with  numerous  and  fine 
crowded,  concentric  growth  lines;  and  are  remarkable  for  the  regu- 
larity of  their  breadth,  which  increases  distally  with  almost  imper- 
ceptible increments,  but  shows  occasional  variations. 

Measurements. — Height,  34  mm. ;  length,  35  mm. ;  breadth,  10  nipi. 
in  a  specimen  of  the  commoner  and  intermediate  size,  much  smaller 
specimens  being  similarly  proportioned.  For  the  same  dimensions, 
an  example  of  average  adult  size  and  an  exceptionally  large  one 
give,  respectively,  41,  45, 14,  and  54,  59, 16  mm. 

Oceur^rence. — A  mile  and  a  half  east  of  Malone  station.  One  of  the 
more  abundant  fossils  there  occurring,  but  less  common  than  the 
Pleuromya  inconstans.  More  than  200  specimens  are  represented. 
A  few  examples  were  also  obtained  in  foothills  at  the  northwest  end  of 
Malone  Mountain,  about  2  miles  east-southeast  of  Finlay  station, 
and  west  of  the  mountain,  2  miles  north  of  its  southern  end. 

The  height  of  the  shell  in  L,  potosina^  var.  metrica  is  commonly 
from  90  to  97  per  cent  of  the  length,  which,  however,  it  may  occasion- 
ally equal.  The  breadth  averages  less  than  30  per  cent  of  the  length ; 
in  10  measured  specimens  it  averages  29.46,  the  minimum  being  25.5, 
and  the  maximum  being  32  per  cent.  The  corresponding  ratios  given 
by  Castillo  and  Aguilera  for  typical  potosina  are  height  as  percent- 
age of  length  0.79  to  0.85,  and  breadth  as  percentage  of  length  0.47 
to  0.48. 
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From  all  of  the  data  above  given  it  is  seen  that  the  shell  of  var. 
metrica  attains  a  much  larger  size  than  that  of  var.  potosinu^  is  con- 
siderably less  ihflated,  and  has  a  less  transverse  (i.  e.,  more  elevated) 
and  more  nearly  equilateral  contour. 

Lucina  potomia^  var.  metrica  is  not  only  a  pronounced  variety  of 
its  species  but  it  is  the  largely  preponderating  representative  both  of 
its  species  and  of  its  genus  in  the  Upper  •furassic  of  we>stern  Texas. 

As  is  usually  found  to  be  the  case  where  very  large  numbers  of  a 
species  of  fossil  are  available  for  .study,  I,,  potottmo  presents  con- 
siderable individual  variation.  Seven  or  eight  specimens  from  local- 
ity 1|  miles  e>ast  of  Malone,  represent  a  third  variety  of  the  species, 
which  is  apparently  only  an  individual  phase,  though  rather  a  strik- 
ing one,  of  var.  metrica.  They  show  the  following  charactei's:  The 
shell  is  about  as  large  as  the  largest  examples  of  the  ordinary  form  of 
metrica;  transversely  broad-oval,  inclining  to  subquadrate;  inequi- 
lateral; inflated  throughout,  though  unequally  so,  the  valves  being 
i-adially  warped  or  flexuous,  and  especially  swollen  on  the  umbonal 
slope,  on  either  side  of  which  are  two  broad  and  shallow  concave 
radial  zones,  the  anterior  one  of  which  passes  downward  and  the  pos- 
terior one  downward  and  backward;  a  second  and  smaller  convex 
radial  zoneWng  developed  in  front  of  the  anterior  concave  one.  The 
beaks  are  more  inflated  than  those  of  the  typical  form  of  var.  metrica. 
The  basal  margin  of  the  shell  is  a  little  prominent  and  receding 
opposite  the  convex  and  concave  zones,  respectively.  Corresponding 
with  the  general  contour  of  the  shell,  the  concentric  linear  costell», 
which  in  the  common  phase  of  var.  metrica,  have  an  almost  uniform 
downward  convexity  in  the  postero-basal  part  of  their  course,  assume 
in  this  phase  a  nearly  straight  or  slightly  upward  convex  trend  for  a 
considerable  distance  in  this  part  of  their  coui-se,  swinging  upward 
rather  suddenly  anterior  and  posterior  to  it.  The  approximate 
dimensions  arc:   Height,  45  mm. ;   length,  50  mm. ;   breadth,  20  mm. 

This  phase,  then,  is  distinguished  from  the  ordinary  phase  of  var. 
metrica  by  its  size,  average  adult  examples  of  the  latter  being  con- 
siderably smaller,  by  its  greater  and  more  pervasive  inflation,  strongly 
flexuous  valves,  and  more  transverse  and  inequilateral  contour.  A 
tendency  toward  this  form  is  seen  in  some  of  the  smaller  examples  of 
the  other  phase  of  metrica. 

Lucina  ?  emarginata  sp.  n. 
PI.  XI  ri,  flgs  1,  2. 

Cf.  Cyprimeria  t  mexieana  CastlUo  and  Agullera,  1895,  Bol.  Com.  Geol.  Mex., 
No.  1.  p.  9,  PI.  V,  flg.  3. 

Shell  suborbicular,  compressed,  though  less  so  than  that  of  Lucina 
potodna^  var.  metrica^  the  breadth  being  equal  to  about  half  of  the 
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height;  anterior,  ventral,  and  posterior  sides  rounded;  dorsal  side 
abruptly  and  emarginatelt  excavated  before  the  beaks  to  a  point  dis- 
tant one- fourth  of  the  shell  length,  where  it  joins  the  anterior  side  in 
an  obtuse  angle,  the  posterior  part  of  the  dorsal  side  declining  in  a 
nearly  straight  line,  with  some  convexity  near  the  beaks,  to  a  point 
two  and  a  half  times  as  remote,  where  it  makes  an  obtuse  angle  with 
the  posterior  border;  beaks  low,  with  apex  curved  forward;  lunule 
large,  about  twice  as  long  as  wide,  abruptly  and  rather  deeply  im- 
])ressed;  margins  entire;  surface  ornamented  with  rather  coarse, 
rounded,  subdued,  concentric  costellae  separated  by  equal  or  narrower 
intervals,  each  costella  making  an  irregular  and  gentle  undulatory 
flexure  as  it  approaches  the  posterior  part  of  the  dorsal  margin. 

Measxiremetits. — In  an  accidentally  somewhat  compressed  specimen, 
height,  21  mm. ;  length,  22  mm. ;  breadth,  7  mm.  In  a  second  exam- 
ple, height,  20  mm.;  length,  19  mm.;  breadth,  10  mm.  In  a  third, 
height,  32  mm. ;  length,  30.5  mm. ;  breadth  about  16  mm. 

Occurrence. — ^Three  examples  were  obtained  from  the  locality  1^ 
miles  east  of  Malone  station. 

In  the  absence  of  a  satisfactory  knowledge  of  the  hinge  details, 
the  species  is  here  placed  in  the  genus  Lueiiia  because  of  the  abruptly 
excavated  and  rather  deep  lunule,  the  lunule  in  Cyprimeria  being 
feebly  excavated  or  lacking. 

LUCINA   PLANIU8CULA   Sp.   U. 
PI.  XIII,  flg.  .3. 

Shell  of  intermediate  size  for  Lucina,  thick-valved,  broadly  sub- 
oval,  rather  inflated,  the  breadth  equal  to  more  than  half  of  the 
height,  height  equaling  about  five-sixths  of  the  length,  moderately 
inequilateral,  the  posterior  side  being  between  three- fourths  and  four- 
fifths  as  long  as  the  anterior,  the  latter  but  little  contracted;  beaks 
little  prominent;  surface  nearly  plain,  ornamented  with  inconspicu- 
ous, concentric  raised  Unas  and  striae,  which  on  the  major  part  of  the 
surface  are  more  or  less  obsolete,  but  are  more  distinct  on  the  anterior 
and  posterior  marginal  regions,  the  raised  lines  on  the  latter  being 
very  fine  and  intervaled  on  the  upper  part,  becoming  coarser  and 
more  crowded  below. 

MeasurementH. — Height,  2G.5  mm.;  length,  31  mm.;  breadth,  15 
mm. ;  in  another  example,  height,  28  mm. ;  length,  31  mm. 

Occurrence. — Four  shells  and  about  a  dozen  casts  of  this  fossil 
were  collected  in  foothills  in  the  northwest  end  of  Malone  Mountain, 
about  2  miles  east-southeast  of  Finlay  station. 

From  Lvcina  coetoi  C.  and  A.,  the  Z.  planiusnila  appears  to  differ 
chiefly  by  its  more  strongly  inflated  and  much  less  strongly  inequi- 
lateral shell  and  its  plainer  ornamentation. 
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Genus  UNICARDIUM  d'Orbigny. 

UnICARDIUM  ?    8EMIROTITNDUM   Sp.   D. 
PI.  XII,  flg8.  9-11. 

Shell  thin,  pyramido-suborbicular,  moderately  inequilateral,  well 
inflated,  the  height  nearly  equal  to  the  length ;  beaks  large  and  prom- 
inent, pyramidal,  submedian,  placed  a  little  nearer  to  the  anterior 
than  to  the  posterior  extremity,  curved  inward  and  slightly  forward, 
so  that  the  anterior  cardinal  border  is  more  concave  than  the  pos- 
terior; anterior  and  posterior  borders  rather  short;  base  evenly  and 
rather  broadly  rounded;  surface  marked  only  with  fine  concentric 
growth  lines,  most  of  which  are  rather  feebly,  a  few  more  strongly, 
impressed. 

Medsiirements. — Height,  21  mm. ;  length,  22  mm. ;  breadth,  13  mm. 
Height  in  another  nearly  like-proportioned  example  about  25  mm. 

Occurrence. — ^Twelve  specimens  were  collected  by  Doctor  Stanton 
at  the  following  four  localities:  A  mile  and  a  half  east  of  Malone 
station ;  anticline  in  east  base  of  Malone  Mountain  about  1  mile  north 
of  its  southern  end ;  west  of  Malone  Mountain,  nearly  2  miles  south 
of  west  from  Malone  station,  in  No.  13  of  his  Malone  Mountain 
section ;  and  in  foothills  at  the  northwestern  end  of  Malone  Mountain, 
a  little  over  2  miles  east-southeast  of  Finlay  station,  here  also  appar- 
ently in  No.  13.  Four  examples  were  also  collected  by  me  at  the 
first  of  the  localities  above  named. 

The  species  shows  some  resemblance  in  form  to  U,  varicosum  Sow- 
erby,  but  has  larger  and  more  elevated  umbones  and,  for  ^e  body  of 
the  valves,  a  more  rotund  contour. 

UnICARDIUM  ?    TRANSVERSUM   Sp.   U. 
PI.  XII,  figs.  7,  8. 

Shell  thin,  well  inflated,  transversely  subovate,  the  height  equaling 
0.77  to  0.87  of  the  length;  the  posterior  moiety  of  the  shell  nar- 
rower and  considerably  longer  than  the  anterior,  and  the  anterior 
part  of  the  cardinal  border  more  concave  than  the  posterior;  base 
broadly  and  unequally  rounded;  beaks  prominent,  yet  less  so  than 
those  of  Unicardium  Hemirotundnm^  in  contact;  surface  smooth, 
marked  only  with  fine  concentric  growth  linas,  which  disappear  under 
slight  weathering.  ^Vhile  the  form  of  the  shell  is  persistently  trans- 
verse or  subovate,  the  position  of  the  beaks  is  widely  variable,  as 
shown  by  the  umbonal  fractions  below,  in  which  the  numerator  and 
denominator,  respectively,  denote  the  distances  in  millimeters  of  the 
umbonal  summits  from  the  anterior  and  posterior  ends  of  the  shell 
in  four  specimens  selected  at  random.    That  this  variability,  how- 
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ever,  is  in  part  due  to  the  orogenic  movements  which  the  matrix  has 
undergone  is  indicated  both  by  other  variation  in  the  form  and  by  the 
discrepancy  sometimes  shown  in  the  relative  position  of  the  two  beaks 
of  a  single  shell. 

Measurements. — ^Height,  26  mm. ;  length,  34  mm. ;  breadth,  21  mm. 
Same  dimensions  from  a  left  valve,  respectively;  height,  24  mm.; 
length,  29.5  mm.;  breadth  (by  doubling  the  convexity  of  one  valve), 
15  mm.    Umbonal  fractions,  ||,  }|,  ff,  \i. 

Oecnrrence. — Fourteen  specimens  were  collected  from  the  locality 
li  miles  east  of  Malone  station ;  one  from  the  anticline  on  the  eastern 
slope  of  Malone  Mountain  nearly  1  mile  north  of  the  southern  end; 
and  one  also  upward  of  1  mile  east  of  Finlay  station. 

Genus  CYPRINA  Lamarck. 

Cyprina  coteroi  C.  and  A. 

PI.  XIII,  figs.  11.  12. 

Cyprina  (Vetiilia)  ceteroi  CastiUo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex., 
No.  1,  p.  8,  PI.  V,  figs.  4  to  10. 

Shell  thin,  triangular-ovate,  inequilateral,  ventricose,  the  height 
generally  equaling  one  and  a  third  to  nearly  one  and  a  half  times 
the  breadth  and  about  seven-eighths  of  the  length;  posterior  slope 
flattened  and  separated  from  the  rest  of  the  shell  by  a  low  crest,  or 
angulation,  which  runs  from  the  posterior  side  of  the  beaks  to  the 
somewhat  pointed  infero-posterior  end  of  the  shell;  beaks  situated 
between  the  middle  and  the  anterior  third,  strongly  inflated,  high 
arched,  pyramidal,  incurved,  somewhat  anteriorly  deflected,  and 
nearly,  if  not  quite,  in  contact;  pallial  lino  entire;  general  surface 
ornamented  with  ordinary  concentric  growth  lines  and  at  remote 
intervals  with  resting  stages  marked  by  moderate  imbrication  and 
groove,  which  descend  across  the  posterior  flattened  area  and  turn 
suddenly  forward  at  the  posterior  angulation. 

Measurements. — Height,  34  mm.;  length,  41  mm.;  breadth,  27 
mm. 

Occurrence. — Four  (and  two  doubtful)  specimens,  from  locality  1\ 
miles  east  of  Malone  station. 

There  is  some  doubt  as  to  the  true  horizon  of  the  type  specimens  of 
this  fossil.  See  remarks  as  to  same  on  page  72,  under  Lucina 
potosina. 
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CyPRiNA?  sTREERuviTzn  Cragin. 
PI.  XIV,  figs.  1,  2;  PI.  XV,  fig.  1. 

Cyprina  {Roudairiat)  streerut'itzii  Cragin,  1893,  Fonrth  Ann.  Rept  GeoL 
Survciy  Texas,  pt.  2,  p.  180,  PI.  XXXVI,  figs.  3  to  5,  and  PI.  XL,  fig  2. 

Cyprina  streeruvitzii  has  been  found  only  in  the  Theta,  and  can 
hardly  be  called  an  abundant  fossil.  Notwithstanding  its  large  size 
and  the  fact  that  special  search  was  made  for  it  at  its  type  locality, 
li  miles  east  of  Malone  station,  the  most  prolific  lamellibranch  field 
known  in  the  Malone  formation,  only  11  incomplete  specimens  and 
casts  were  found,  and  none  of  these  is  as  good  as  the  specimen  col- 
lected there  by  Mr.  Wyschetzki,  the  topographer  of  Mr.  Von  Streeru- 
witz's  party,  in  1890.  They  were  all,  or  nearly  all,  obtained  from 
the  west  slope  of  the  Truncate  mound. 

They  add  little  to  our  knowledge  of  the  species. 

The  cast,  owing  to  its  narrow,  very  elevated,  and  strongly  arched 
beaks,  bears  considerable  resemblance  to  that  of  Cyprina  texann 
Conrad.  Its  posterior  area  is  outwardly  bounded  by  an  obtusely 
compressed,  prominent  ridge,  interior  to  which  is  a  round-bottomed 
sulcus,  followed  by  another  radial  elevation  and  depression  within. 
The  casts  of  the  anterior  adductor  scar  are  exceedingly  prominent. 
An  undersized  though  apparently  normally  proportioned  cast  has 
(he  height  73  mm.;  breadth,  64  mm.,  and  length  approximately 
80  mm.  The  largest  example  of  the  shell  has  the  beaks  broken  off, 
but  has  a  length  of  about  124  mm.  Another  specimen  of  the  shell 
presents  a  height  of  about  106^  mm. 

Attached  to  some  of  the  specimens  by  the  stony  matrix  are  char- 
acteristic parts  of  Trigonia  vyHchetzkii^  T.  proscahra^  Lim<i  inter- 
lineata^  Astarte  breviacola^  Mytilus  nuntius^  Serpula  gordialis^  and 
other  fossils. 

There  remains  some  doubt  as  to  the  genus  of  this  shell,  as  the 
hinge  characters  have  not  been  observed.  The  following  is  the 
original  description  of  the  species: 

Shell  large,  triangular,  the  anterior  and  posterior  sides  of  the  outline  being 
Hubdirect,  the  basal  convex,  height  and  length  of  shell  about  equal,  exceeding 
the  breadth;  beaks  prominent,  situated  somewhat  in  advance  of  the  middle, 
jwsteriorly  flattened  or  concave,  their  summits  turned  inward  and  forward 
till  tangent  or  subtangent  above  the  downward,  outward,  and  backward  curled 
ai)iee8,  the  latter  overhanging  a  large  and  deeply  Impressed  heart-shaped 
lunule,  which  is  higher  than  wide,  and  is  bounded  by  a  moderate  slope,  the 
margins  of  the  valves  immediately  below  the  lunule  forming  no  such  keel  as 
is  seen  In  Cyprina  roemeri,  the  anterior  termination  of  the  shell  being,  on  the 
contrary,  very  obtuse;  posterior  slope  in  either  valve  bicarinate,  having,  In 
jiddition  to  the  primary  angulation  which  abruptly  separates  the  dlscal  from  the 
lK>sterior  sloi)e,  a  second  and  similar  radial  angulation  at  a  position  which  is  at 
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first  about  two-thirds  of  the  distance  from  the  primary  angulation  to  the  posterior 
shell-margin,  and  which  at  length  reaches  that  margin  at  rather  more  than 
two-thirds  of  the  distance  from  the  beaks  to  the  distal  extremity  of  the  primary 
angulation ;  Intercarlnal  areae  concave,  that  included  by  the  secondary  carinas 
forming  an  escutcheon,  those  included  between  the  primary  and  the  secondary 
carinte  continuous  with  the  posterior  flattening  of  the  umbonal  summits; 
entire  exterior  of  the  shell  presenting  numerous  strong  concentric  growth 
lines  and  divided  off  on  the  disk  Into  rather  broad,  subequal,  concentric  zones 
by  narrow,  low,  and.  In  part,  obsolescent  concentric  ribs.    Valves  thick. 

Measurements. — Height,  88  nun.;  length  (approximately),  93  mm.;  breadth, 
74  mm. 

VENERID^E. 

Genus  TAPES  Megerle. 

Tapes?  cuneovatus  sp.  n. 
PI.  XIII,  fig.  13. 

Shell  gently  compressed,  thin,  enneate-ovate ;  the  convex-tapered 
j)osterior  .side  narrowly  rounded  at  the  end;  anterior  side  rounded; 
base  gently  convex;  dorsal  margin  rather  abruptly  excavated  at 
front  of  beaks;  breadth  contained  about  one  and  a  half  times  in 
height;  height  about  one  and  a  half  in  length;  beaks  placed  at  pos- 
terior limit  of  anterior  third ;  surface  finely  concentric  striate. 

Measurements. — Height,  17  mm.;  length,  24.5  mm.;  breadth,  10 
or  12  mm. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station ;  represented 
by  a  right  valve  complete  as  to  form,  but  with  the  larger  part  of  the 
shell  removed  by  weathering,  enough,  however,  remaining  to  show 
the  character  of  the  ornamentation. 

PIIOLAlJOMYir>-*:. 

Genus  PHOLADOMYA  Sowerby. 

Pholadomya  TosTA  (Cragiu). 

PI.  XV.  flgs.  2.  .3. 

Anatina  tosta  ('ragin,  1893,  Fourth  Ann.  Kept.  (Jeol  Survey  Texas,  pt  2, 

p.  UlS. 
Pholadomya  tost  a  Cragin,  1897,  Jour.  Geol.,  vol.  5,  p.  817. 

Shell  large  among  its  congeners,  moderately  ventricose,  very  inequi- 
lateral, oblong,  with  rounded  extremities  and  long,  straight-convex 
to  feebly  sigmoid  base,  pointed-ovate  in  cross  section;  the  anterior 
region  short;  the  posterior  region  long  and  somewhat  narrowed,  its 
cardinal  margin  feebly  concave ;  beaks  low-arched,  in  contact,  placed 
at  alx)ut  a  fifth  (sometimes  less)  of  the  shell  length  from  the  anterior 
end ;  entire  shell  presenting  fine  growth  lines  and  irregularly  inter- 
valed,  coai-ser,  concentric  imbrications,  which  on  an  anterior  small 
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and  a  supero-posterior  larger  area  constitute  the  only  markings,  all 
of  the  shell  except  these  terminal  areas  being  crossed  by  radiating 
ribs,  of  which  there  are  about  20  on  either  valve.  The  ribs  are  nar- 
rowly compressed  and  rather  strongly  elevated  (cariniform),  often 
with  irregularly  crinkled  summits,  and  some  of  them  are  pressed 
backward  so  that  the  posterior  slope  is  comparatively  gentle,  while 
the  anterior  is  steep  or  overhangs,  giving  them  somewhat  the  appear- 
ance of  imbrications;  they  are  unequally  remote  and  separated  by 
broad,  flattish-concave  intervals;  and  one  of  the  posterior  ribs  is 
usually  higher  and  larger  than  the  others,  the  two  or  three  that  are 
yet  posterior  to  this,  and  a  few  of  the  anterior  ribs,  being  less  pro- 
nounced than  the  others.  The  anterior  part  of  the  base  is  gently 
convex,  becoming  straighter  and  gradually  a  little  rising  posterior  to 
a  point  between  the  middle  and  the  posterior  end,  and  again  appar- 
ently a  little  descending  or  prominent  opposite  the  largest  one  of  the 
posterior  ribs,  the  base  describing  thus  a  feebly  sigmoid  curvature. 
The  latter  feature  is  not  seen  in  all  specimens,  and  may  be  due  to 
mechanical  distortion. 

Measurements. — ^The  two  largest  specimens  average  about  50  mm. 
in  height.  The  breadth  is  apparently  about  three-fourths  of  the 
height,  and  the  height  about  half  of  the  length. 

Occurrence. — ^Twenty-five  specimens  are  represented  from  locality 
1^  miles  east  of  Malone  station. 

Pholadomya  marcx)ui  sp.  n. 

PI.  XVI,  figs.  1,  2. 

Shell  of  medium  or  small-medium  size  in  its  genus.  Very  inequi- 
lateral, short-oblong  or  ovate-oblong,  more  or  less  rounfded  at  both 
extremities,  ventricose;  posterior  cardinal  border  slightly  excavated; 
the  posterior  region  convex-cuneately  compressed,  gaping  narrowly  at 
the  upper  posterior  border;  beaks  situated  near  the  anterior  end,  ele- 
vated about  as  in  Pholadomya  Candida  Sby.,  or  P.  glabra  Ag. ; «  sur- 
face, except  small  anterior  and  posterior  dorsal  portions,  ornamented 
with  a  few  (about  6?)  remote,  feebly  expressed,  or  obsolescent,  carini- 
form, radial  ribs,  the  posterior  one  of  which  is  directed  nearly  straight 
backward  (slightly  downward),  and  also  unevenly  marked  with 
coarse  concentric  growth  lines. 

Measurements. — Height,  36  mm. :  length,  50  mm. ;  breadth,  32  mm. 

Ocnirrence. — A  mile  and  a  half  east  of  Malone  station.  This 
Pholadomya  seems  to  be  less  common  than  either  P.  tosta  or  P. 
dumbli.    Ten  examples  were  obtained. 

This  or  a  closely  related  form  was  found  with  Exogyra  potosina. 

•Referring  here  to  the  species  as  presented  In  pis.  108  and  109  of  Tryon'8  Structural 
and  Systematic  Concbology. 
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etc.,  at  the  western  base  of  Malone  Mountain,  a  short  distance  north 
of  its  southern  end,  the  cast  bearing  indications  of  feeble  ribs  about 
as  in  marcoui^  but  this  form — perhaps  modified  by  orogenic  move- 
ments of  the  matrix — being  longer,  lower,  and  smaller-calibered  than 
it  is  normally  in  the  latter  species. 
The  species  is  named  for  the  late  Mr.  Jules  Marcou. 

Pholadomya  paucicosta  Roemer? 
PI.  XVI,  figs.  5.  6. 

Pholadomya  paucicosta  F.  A.   Roemer,  1836.     Verstelnerungen  des  Nord- 
deutschen  Oolithgebirges,  p.  131,  PI.  XVI,  fig.  1. 

Form  stout,  curved-cuneate-pyriform ;  the  umbonal  region  widely 
inflated  transversely  to  the  length  of  the  shell ;  anterior  region  short- 
ened almost  back  to  the  large,  prominently  elevated,  tangent  umbones, 
which  are  thus  made  almost  terminal ;  the  anterior  margin  slightly 
gaping;  posterior  region  widened  in  the  median  plane,  compressed, 
most  strongly  so  in  the  upper  part,  which  tends  to  a  keel-like  form 
and  gapes  considerably ;  base  drawn  upward  rapidly  in  the  anterior 
part,  so  that,  in  connection  with  the  very  salient  beaks,  the  whole 
anterior  (including  umbonal)  moiety  of  the  shell  has  an  upturned 
appearance;  surface  ornamented  with  coarse,  unequal,  concentric, 
costelliform  growth  plications  and  furrows  and  apparently  with  4 
or  5  low  folds  radiating  from  the  beaks  forward  and  downward  to 
the  basal  margin. 

Measurements. — ^The  dimensions  can  be  given  only  roughly.  They 
appear  to  average,  for  the  larger  specimens :  Height,  52  mm. ;  length, 
61  mm. ;  breadth,  48  mm. 

Occurrence. — Not  rare  in  the  Malone  Hills,  a  mile  and  a  half  east 
of  Malone  station.  Among  26  specimens  there  collected  the  mechan- 
ical distortion  has  been  such  that  no  two  are  quite  alike.  There  is, 
however,  a  central  phase  about  which  they  are  grouped  and  to  which 
several  of  them  closely  approximate,  affording  a  sufficiently  connect 
idea  of  the  normal  form;  and  so  different  is  the  shell  from  any  other 
found  in  these  beds  that  it  can  be  recognized  in  any  of  its  false  shapes, 
though  the  radial  markings  are  rarely  well  preserved  and  often  not 
shown  at  all.  A  specimen  was  obtained  by  Doctor  Stanton  near  the 
railroad,  about  2  miles  east-southeast  from  Finlay  station,  in  the 
northwestern  foothills  of  Malone  Mountain. 

Accepting  for  the  European  Upper  Jurassic  Pholadomya  pauci- 
costa Roemer,  the  wide  range  of  specific  variation  indicated  for  it  by 
Moesch,**  it  seems  impossible  to  separate  the  above-described  Malone 
species  from  it. 

*  MoDographle  der  Pholadomyen.     In  Abbandl.  Schwets.  pal.  Gesell.,  vols.  1  and  2. 
Bull.  26^—05  M 6 
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Pholadomya  PRiEPosiTA  sp.  n. 

PI.  XVI,  figs.  3,  4. 

Shell  small  for  its  genus,  cnneate-oblong,  arched  somewhat  down- 
ward, very  broad  across  the  antero-dorsal  or  umbonal  region,  the 
breadth  at  least  equal  to  the  height,  convex-cuneately  narrowed 
toward  the  base  and  rear;  anterior  side  rather  truncate ;  base  gently 
convex;  beaks  anterior,  terminal,  projecting  forward  a  little  beyond 
the  rest  of  the  shell,  directed  forward  and  upward,  then  arched 
strongly  inward,  the  apices  curved  a  little  backward,  somewhat  com- 
pressed as  if  by  gentle  pressure  on  the  anterior  (or  inferior)  and  pos- 
terior (superior)  sides;  surface  with  faint  concentric  markings  and 
several  remote,  low,  .slender,  cariniform  costellae  which  radiate  from 
the  summit  of  the  beaks,  the  anterior  6  (or  more)  obliquely  crossins^ 
the  inferior  (anterior)  umbonal  slope  to  the  base.  The  anterior  part 
of  the  base  is  sharply  and  even  a  little  biconcavely  compressed,  and  a 
limited  anterior  region  of  the  shell  is  free  from  the  cariniform  rays. 

MecLSuremcnts. — Height,  22  mm. ;  breadth,  22.5  mm.  In  a  second 
specimen,  height,  20  mm.;  breadth,  20  mm.  The  length  of  these 
specimens  (at  least  more  than  31  mm.)  can  not  be  exactly  given,  as 
they  are  posteriorly  broken  off.  A  third,  with  only  remnants  of  the 
shell,  but  nearly  normal  as  to  shape,  gives,  height,  20  mm.;  breadth, 
20  mm. ;  length,  34  mm.  A  fourth  example,  too  much  weathered  on 
the  flanks  to  give  the  breadth,  has  a  height  of  24  mm.,  and  a  length 
of  43  mm. 

Occurrence, — Four  examples  from  locality  li  miles  east  of  Malone 
station. 

Genus  PLEUROMYA  Agassiz. 

Pleuromya  INCON8TANS  C.  and  A. 
PI.  XVII.  figs.  1-5;  PI.  XVIII,  figs.  1-3. 

Pleuromya  inconntans  CastiUo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex., 
No.  1,  p.  10,  PI.  V,  figs.  15,  16,  and  PI.  VI,  figs.  1  to  4. 

Pleuromya  inconstana  Cragin,  1897,  Jour.  Geol.,  vol.  5,  p.  817,  footnote,  and 
p.  819. 

Though  outnumbered  at  many  points  by  its  associates,  this  is  the 
most  generally  distributed  fossil  of  the  Malone  formation.  It  ranges 
through  the  entire  Theta  subdivision  of  the  Malone  hills  (Trio) 
section,  or  so  much  of  it  as  is  expo.sed  at  the  locality  li  mile^  east  of 
Malone  station,  whence  several  hundred  specimens  were  obtained. 
It  was  also  collected  by  me  in  the  lower  part  of  limestones  overlying 
conglomerate  in  the  anticline  at  the  eastern  base  of  Malone  Mountain, 
about  1  mile  from  the  southern  end,  and  was,  I  believe,  found  in 
jioorly  preserved  examples  in  the  gap  west  of  the  Trio,  with  Trigonia 
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ryschetzkii  and  Antarte  malonensbi.  The  material  collected  by  Doctor 
Stanton  includes  part  of  that  from  the  first  two  of  these  and  also 
specimens  from  the  following  localities:  Two  miles  west  and  also 
about  the  same  distance  south  of  west  of  Malone  station  (here  in 
Nos.  13  and  25  of  his  Malone  Mountain  section) ;  foothill  w^est  of 
Malone  Mountain,  2  miles  jiorth  of  its  southern  end;  and  west  base 
of  the  mountain,  near  its  southern  end. 

On  the  anterior  part  of  the  umbonal  region  of  this  shell  there 
descends  to  the  base  a  zone  of  constriction,  as  if  the  shell,  when 
plastic,  had  been  pinched,  making  the  valves  there  gently  concave 
and  the  base  a  little  reentrant,  a  feature  which  is  often  pronounced, 
though  sometimes  scarcely  perceptible.  When  viewed  from  below, 
the  base  is  usually  seen  to  be  twisted,  presenting  a  more  or  less  decided 
right-and-left  sigmoid  flexure.  The  right  hinge  margin  overlaps  the 
left.    The  shell  gapes  narrowly  at  the  posterior  end. 

This  fossil  well  sustains  the  reputation  of  the  Pleuromyas  for 
variability,  meriting  its  specific  name  even  better,  if  possible,  in 
Texas  than  in  Mexico.  Manifold  shades  of  form  pi'esent  themselves — 
some  natural,  others  dynamical  modifications  of  these — but  all  seem 
to  intergraduate,  and  the  specific  place  of  many  of  them  bex'omcs 
indeterminable  the  moment  an  attempt  is  made  to  group  them  in 
more  than  one  species.  For  this  reason  and  Iwcause  some  of  the  s[>eci- 
mens  agree  perfectly  with  thost*  descril)ed  and  figured  by  Castillo 
and  Aguilera  from  the  Upper  Jurassic  of  San  Luis  Potosi  as  Pleu- 
romya  inconaUms^  all  are  refen-ed  to  that  species. 

The  cuneate,  the  subcylindrical,  and  the  (Jresslya-like  variations 
that  have  been  recorded  from  the  Sierra  de  Catorce,  all  are  repre- 
sented in  the  collections  from  the  Malone  district  also.  ^Vhat  appears 
to  be  the  central  phase  for  the  latter  district  may  be  described  as  fol- 
lows; The  posterior  terminal  region  of  the  shell  is  usually  somewhat 
narrowed,  sometimes  strongly  so,  and  is  recurved  or  obliquely  up- 
turned; the  anterior  margin  descends  in  a  convex  oblique  line  to  an 
obtusely  pointed  or  narrowly  rounded  corner  in  which  it  meets  the 
horizontal  or  often  somewhat  downward-deflected  anterior  prolonga- 
tion of  the  base.  The  anterior  end  thus  presents  a  "  Roman-nosed,"* 
or  "  hook-nosed,''  appearance,  and  the  shell  as  a  whole,  viewed  later- 
ally, presents  a  sigmoid  flexure,  while  the  basal  margin  presents  such 
flexure  whether  viewed  from  the  side  or  from  below.  This  is  by  far 
the  most  abundantly  represented  form  of  the  species  in  the  Malone 
district,  and  it  attains  the  largest  size.  That  it  also  occurs  in  the 
Sierra  de  Catorce  is  indicated  by  Castillo  and  Aguilera 's  very  excel- 
lent and  comprehensive  description  of  the  species,  of  which  a  transla- 
tion is  here  added : 

SheU  inequUnternl.  of  variable  form,  somotinies  truncate  on  the  anterior  bor 
der,  sometimes  with  this  same  border  salient ;  the  general  dominant  form  is  ovate 
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trigonal.  Buccal  region  little  developed,  extremely  small  compared  with  the 
anal  region ;  excavated  l)elow  the  lieaks,  with  its  extremity  rounded  in  some  indi- 
viduals, in  others  obliquely  truncated,  and  salient  in  its  lower  part,  which  is 
continuous  with  the  ventral  border  forming  an  obtuse  angle.  Beaks  situated 
in  the  anterior  third  of  the  shell,  varying  their  position  in  the  different  indi- 
viduals from  nearly  terminal  to  subcentral ;  broad,  convex,  sometimes  present- 
ing two  obtuse  keels,  one  on  each  side  of  the  apex  of  the  beak.  Anal  region  very 
large,  convei,  or  depressed,  narrowed  toward  its  extremity,  which  is  rounded. 
Dorsal  border  straight  or  slightly  concave  on  the  anal  side,  considerably  exca- 
vated on  the  buccal  side.  Ventral  lx)rder  nearly  straight,  feebly  raised  at  the 
extremities,  but  notably  more  at  the  anal  side.  Flanks  sometimes  very  convex, 
giving  to  the  shell  a  cylindrical  form,  and  sometimes  depressed  so  that  they 
make  it  cuneiform ;  the  greater  convexity  is  always  in  the  anterior  part  of 
the  shell  and  below  the  beaks.  Surface  ornamented  with  concentric  furrows 
which  contrast  with  the  fine  lines  of  growth.  Length,  34  to  63  mm. ;  breadth 
with  relation  to  the  length,  0.47  to  0.tV4;  thickness  with  relation  to  the  length, 
0.31  to  0.43. 

Castillo  and  Aguilera  supplement  this  description  with  the  follow- 
ing remarks : 

We  possess  of  this  sjiecies  only  molds  and  imperfect  examples,  but  these  show 
the  ornamentation  of  the  shell  and  its  very  feeble  thickness.  The  variation  in 
the  characters  of  this  si>ecie8  is  not  limited  merely  to  the  contour  and  the  other 
details  of  form  of  tfie  shell,  but  is  also  manifested  in  the  mode  of  occurrence  of 
the  shell,  which  Is  equivalve  in  the  more  convex  forms  and  evidently  becomes 
more  and  more  Inequlvalvc  in  so  far  as  it  reaches  forms  In  which  the  right 
valve  is  more  elevated  than  the  left  in  such  a  manner  that  the  dorsal  border 
before  and  behind  the  beaks  passes  over  the  dorsal  border  of  the  opposite 
valve,  exactly  as  In  the  Gresslyas,  to  which  genus  these  forms  could  be 
referred  without  hesitation  If  they  were  found  Isolated,  as  to  some  extent  the 
umbonal  crests  of  which  we  have  spoken  above  would  make  this  position  of  the 
shell  in  the  genus  Gresslya  more  proper,  since  the  obtuse  furrow  which  Is  found 
along  the  umbonal  crests  somewhat  resembles  the  oblique  furrow  which  the 
molds  of  the  Gresslyas  present  In  the  right  valve  and  which  In  these  corre- 
sponds to  the  internal  lamina.  Fortunately  we  have  met  with  abundant  exam- 
ples which  have  permitted  us  to  follow  all  the  variations  of  the  shell,  forming 
a  series  whose  extremes,  taken  without  the  Intermediate  forms,  could  without 
hesitation  be  referred  to  the  genera  Pleuromya  and  Gresslya,  respectively. 


Pleuromya  INCON8TAN8  var.  cuRTA  var.  n. 
PI.  XVIII,  fig.  4;  PI.  XIX,  figs.  1,  2. 

Cuneate-oblong  to  cuneate-ovate,  much  shorter  than  the  lengths  of 
Pleuromya  inconstant  that  prevail  in  the  Theta  member  of  the 
Malone  formation,  and  rather  compressed ;  the  narrowly  gaping  pos- 
terior region  of  the  shell  slightly  recurved,  obliquely  truncate;  ante- 
rior region  closed;  ventral  margin  gently  and  evenly  convex:  dorsal 
margin  much  less  excavated  before  the  beaks  than  that  of  Pleuromya 
peregrina  d'Orbigny ;  beaks  more  nearly  terminal  than  in  that  species, 
often  unequally  elevated,  the  right  being  the  higher,  as  seen  in  some 
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species  of  Pleuromya  and  more  commonly  in  Grasslya,  the  casts,  how- 
ever, lacking  the  pronounced  right  dorsal  groove  of  the  latter  genus. 

Occurrence. — In  the  horizon  of  Exogyra  potosina^  Gercillia  Cinder- 
ella^ etc.,  at  the  west  base  of  the  southern  part  of  Malone  Mountain, 
and  in  the  Theta  member  of  the  Malone  Hills,  1^  miles  east  of  Malone 
station.  The  types  are  from  the  former  locality.  At  both  places  the 
type  variety  of  Pleurc-mya  inconstans  as  figured  by  Castillo  and 
Aguilera  also  occurs,  but  in  the  former  situation  curia  is  common, 
while  in  the  latter  it  is  rare. 

This  form,  so  far  as  is  indicated  by  the  known  material  from  the 
Malone  Mountain  locality,  does  not  intergraduate  with  Pleuromya 
inconstans  J  and  may  represent  a  distinct  species;  but  at  the  locality 
in  the  Malone  Hills  some  of  the  forms  of  the  multivariant  inconstant. 
seem  to  lead  up  to  it,  and  it  is  therefore  here  considered  a  variety  of 
that  species.  Its  general  proportions  are  not  unlike  those  of  the 
Callovian  species  Pleuromya  peregrina  d'Orb.,  from  which  it  is  dis- 
tinguished by  the  recurved  posterior  region,  the  position  of  the  beaks, 
and  the  less  decidedly  excavated  anterior  dorsal  margin. 

A  Gresslya-like  specimen  of  Pleuromya  from  the  locality  east  of 
Malone  station,  whose  form  resembles  somewhat  that  of  G,  gregaria 
Goldfuss,  is  provisionally  considered  as  a  mechanical  deformation  of 
this  variety,  though  it  may  be  such  of  one  of  the  shorter  examples  of 
the  variety  inconstans^  or  even  be  specifically  distinct. 

ANATINID^^. 
Genus  ANATINA  Lamarck. 

AnATINA    OBLIQUIPLICATA    Sp.    U. 
PI.  XVI,  figs.  7,  8. 

Shell  among  the  smaller  species  of  its  genus,  relatively  compressed, 
inequilaterally  elonf^ate-oblong,  rounded  anteriorly,  attenuated  back 
of  the  beaks;  the  gaping  posterior  side  shorter  than  the  large  and 
closed  anterior;  the  shell  somewhat  pinched  or  concave  on  the  ven- 
tral part  in  advance  of  the  beaks  (the  ventral  margin  a  little  tor- 
tuous?);  beaks  small,  low,  situated  near  the  limit  of  the  anterior 
third;  surface  of  the  thin  valves  ornamented  with  concentric  growth 
lines,  and  on  the  anterior  region  with  a  series  of  coarse  and  prominent, 
oblique  undulatory  folds  which  are  nearly  straight  and  trend  about 
equally  upward  and  forward.  The  folds  are  obtuse  at  summit  and 
are  separated  by  sube<iuivalent  round-l)ottomed  intervals;  the  dis- 
tal 5  occupy  the  valve  to  a  distance  of  about  14  mm.  from  its  antero- 
ventral  margin. 
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Measurements. — Height,  23  mm. ;  length,  53  mm. ;  breadth,  14  mm. 
Beaks  placed  at  30  mm.  from  the  anterior  extremity. 

Occurrence, — Eight  specimens  from  locality  1^  miles  east  of  Ma- 
lone  station. 

AnATINA?  PLICULIFERA  Sp.  n. 
PI.  XVI,  flg8.  9,  10. 

Shell  of  small  medium  size  in  the  genns,  oblong,  anteriorly  rounded, 
posteriorly  truncate,  strongly  compressed,  moderately  gaping  at 
anterior  and  posterior  extremities;  the  posterior  region  relatively 
little  contracted;  beaks  low,  narrowly  compressed  with  the  shell 
itself,  situated  al)out  at  the  posterior  limit  of  the  anterior  third  of  the 
shell;  surface  ornamented  with  strong,  subequal,  concentric  plicules 
and  grooves. 

MedHiiremenfH, — Height,  29  mm.:  length,  49  mm.;  breadth,  14  mm. 

Occurrence, — A  mile  and  a  half  east  of  Malone  station.  Repre- 
sented by  only  one  specimen. 

There  is  some  appearance  of  an  anterior  radial  angulation  of  the 
shell,  directed  forward  and  downward  to  the  anterior  extremity ;  but 
the  condition  of  preservation  of  the  type  is  such  as  makes  it  impos- 
sible to  determine  whether  this  is  really  a  feature  of  the  shell  or  not. 

Genus  THRACIA  Leach. 

ThRACIA  ?  MALONIANA  Sp.  U. 
PI.  XIX,  flg.  6. 

Shell  very  thin,  inequilateral,  compres.sed,  commonly  about  the 
size  of  Thracia  Incerta  Agassiz,"  sometime^}  larger,  inclined  to  be 
more  posteriorly  produced,  or  heel-like,  at  the  lower  anterior  border, 
trapezoid-ovate;  posterior  side  narrowly  gaping  in  the  upper  part; 
l>eaks  of  moderate  size  and  elevation,  situated  about  as  in  th^ 
T.  incerta^  their  posterior  slope  angulated;  surface  marked  with 
parallel,  moderately  elevated,  compressed  linear,  or  cariniform,  con- 
centric plicules  si^parated  by  partly  equal  and  partly  unequal  inter- 
vals of  two  or  three  times  their  own  width. 

McaHuremcntH, — Of  considerably  the  largest  example,  height,  4^ 
mm. ;  length,  al)ont  00  nun. ;  breadth,  about  20  mm.  Of  a  more  com- 
mon size,  height,  37  nun. ;  length,  49  mm. ;  breadth,  18  mm. 

Occurrence, — Six  specimens,  all  casts,  two  of  which  show  char- 
acteristic traces  of  the  nuirkings,  were  collected  IJ  miles  east  of 
Malone  station. 


-As  figured  In  Zittel's  Uandbuch,  vol.  3,  fig.  186. 
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Genus  CORBULA  Bruguiere. 

CORBULA  ?    MALONIANA   Sp.    U. 
PI.  XIX,  fig.  7. 

This  name  is  provisionally  proposed  for  a  small,  transverse,  tri 
angular-ovate,  moderately  ventricose  cast  of  a  right  valve  belonging 
apparently  to  this  genus,  but  unknown  as  to  hinge  or  shell,  obtained 
by  Doctor  Stanton  from  the  same  horizon  that  yielded  the  broadly 
triangular  examples  of  Exogyra  potosina^  at  the  west  base  of  Malone 
Mountain,  a  short  distance  north  of  its  southern  end.  The  height  is 
about  six-tenths  of  the  length ;  the  posterior  end  is  slightly  produced 
or  pointed;  the  beak  is  pyramidal;  the  pallial  line  is  coarse  and 
strongly  impressed.  The  species  should  possibly  be  referred  to 
Neaera. 

Measurements, — Height,  5  mm.;  length,  a  little  more  than  8  mm.; 
breadth  indicated  for  cast  (that  of  the  left  valve  being  restored), 
about  4  mm. 

PHOLADID^IC. 

Genus  MARTESIA  Leach. 

Martesia  matx>niana  sp.  n. 
PI.  XIX,  tigs.  3-5. 

The  types  of  this  species  are  two  casts  of  compressed-conoidal 
shape,  with  portions  of  the  shell,  in  matrix.  They  are  straight  (not 
at  all  arcuate)  and  taper  rapidly  fi'om  the  large  anterior  region.  The 
compression  is  scarcely  expressed  in  the  umbonal  region,  but  increases 
posteriorly.  The  base  is  rectilinear.  Radiating  downward  from 
either  beak  to  the  base  are  two  remote,  transversely  striated  furrows, 
of  which  the  anterior  is  the  wider  and  the  posterior  is  the  more 
deeply  impressed. 

The  markings  seen  on  the  casts  are  apparently  an  index  of  those 
peculiar  to  the  shell.  The  casts  do  not  indicate  the  character  of  the 
accessory  plates. 

Measiirements, — The  casts  measure,  height,  11  mm.;  breadth,  10  to 
nearly  11  mm.;  length,  upward  of  15  mm.;  the  posterior  extremity  of 
each  being  broken  oif. 

Occurrence. — Obtained  by  Doctor  Stanton  in  No.  13  of  his  Malone 
Mountain  section,  on  the  west  side  of  Malone  Mountain,  south  of  west 
from  Malone  station.  Besides  the  types,  a  considerable  number  of 
less  satisfactorily  preserved  casts  and  fragments  of  casts  were  col- 
lected in  their  borings  in  fossil  wood,  at  the  same  locality. 
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A  cast  of  Martesia  referred  to  this  species,  obtained  at  the  anticline 
in  the  east  side  of  Malone  Mountain  about  1  mile  north  of  its  southern 
end,  shows  a  more  posteriorly  produced  form  than  might  be  inferred 
from  the  above-described  types,  indicating  that  a  considerable  length 
has  been  broken  off  from  each  of  the  latter. 

Borings  presumed  to  have  been  those  of  Martesia  were  also  found 
1^  miles  east  of  Malone  station. 

GASTROPODA. 

FLEITROTOMARIID^:. 

Genus  PLEUROTOMARIA  Defrance. 

PliEUROTOMARIA  CIRCUMTRUNCA  Sp.  U. 
PI.  XIX,  figs.  8,  9. 

Shell  conical,  consisting  of  5  to  6  flattened  or  in  part  concave 
whorls,  the  slope  of  spire  nearly  straight,  that  of  the  entire  shell,  how- 
ever, concave,  owing  to  the  form  of  the  b9dy  whorl;  spire  acute; 
sutures  lightly  impre^jsed,  bordered  by  a  low  elevation  above  and 
below;  body  whorl  concave  above  the  peripheral  zone,  its  periphery 
canaliculate-truncate,  or  having  two  low,  abrupt  angulations  with  a 
narrow,  shallow-concave  belt  between  them  (and  which,  in  the  poorly 
preserved  and  sometimes  more  or  less  distorted  specimens  conmionly 
found  at  the  type  locality,  occasionally  appears  like  a  merely  flat 
truncation) ;  surface  of  the  entire  shell  ornamented  with  fine, 
crowded,  revolving  raised  lines,  so  minute  as  to  be  scarcely  visible  to 
the  naked  eye,  and  of  which  (in  one  of  the  types)  there  are  11  on  the 
peripheral  canal  of  the  body  whorl.  The  aspect  of  the  peripheral 
canalicular  truncation  is  outward  and  slightly  downward. 

Measnremevts. — Height,  20  mm.;  breadth,  19  mm.;  angular  diver- 
gence of  the  slopes  (excluding  the  body  whorl),  66°. 

Occurrence, — One  and  a  half  miles  east  of  Malone  station,  in  the 
lower  part  of  the  Theta  subdivision  of  the  section  there  exposed ;  with 
Delphinula  Htantoni^  Turhof  heneclathratus^  Natica  williamsi,  Nerita 
nodilirata^  Germllin  corrugata^  etc.     Represented  by  eleven  examples. 

TROCHID^E. 
Genus  TURBO  Linnaeus. 

TrRIK)   ?  BENECLATHRATUS  Sp.  n. 
PI.  XIX,  flgs.  10,  11. 

Shell  rather  small,  turbinate-conical,  composed  of  about  4  ventri- 
cose  whorls;  spire  and  body  whorl  about  equal  in  height;  body  whorl 
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flattened  and  angulated  on  its  upper  part,  the  flattened  zone  being 
rather  narrow  and  adjacent  to  the  suture;  aperture  subovate;  outer 
lip  thin  (?) ;  inner  lip  covered  with  a  calcareous  callus,  which  is  so 
arched  as  to  indicate  the  presence  of  a  low  fold  or  tooth-like  protuber- 
ance below;  entire  surface  ornamented  with  a  regular,  open  lattice- 
work of  narrow,  strongly  elevated,  transverse  ribs,  which  are  crossed 
by  similar  but  somewhat  more  delicate  revolving  ones,  the  points 
of  intersection  being  slightly  protuberant  to  subtubercular,  and  the 
rectangular  included  intervals  being  gently  concave  and  each  marked 
by  several  raised  growth  lines. 

Measvrementa, — Height,  19.5  mm.;  breadth,  17  mm. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station;  with 
Gryphcea  mexicanUj  Pleurotomaria  circvmtnmca^  Natica  williamsi^ 
etc.  Known  only  by  a  single  specimen,  which  has  the  bas3  and  the 
margin  of  the  outer  lip  broken  off.  It  is  possible  that  specimens  with 
the  apertural  characters  well  preserved  might  show  this  shell  to 
belong  to  Purpurina. 

Genus  DELPHINULA  Lamarck. 

Delphinula  stantoni  sp.  n. 

PI.  XIX.  figs.  12-14. 

Shell  rather  small,  conoidal-turbinate,  narrowly  umbilicate,  con- 
sisting of  4  J  ventricose  whorls,  thick,  especially  in  the  vicinity  of  the 
peristome;  spire  about  equal  to  the  body  whorl  in  height;  aperture 
circular  or  nearly  so;  whorls  rather  closely  ornamented  with  revolv- 
ing lines  of  crowded  and  small  but  prominent  granules,  each  granule 
shown,  when  the  ornamentation  is  well  preserved,  to  consist  of  a  stout 
hood-like  imbrication ;  body  whorl  flattened  above  in  a  rather  broad 
zone  that  looks  upward  and  outward,  and  is  externally  limited  by  an 
angulation  that  is  marked  by  a  line  of  relatively  coarse  and  promi- 
nent hood-like  imbrications,  below  which,  in  a  narrow  zone,  the 
surface  of  the  whorl  is  again  somewhat  flattened  and  looks  outwardly, 
a  second  line  of  relatively  coarse  and  prominent  granules  traversing 
the  flattened  upper  slope  of  the  body  whorl,  just  below  the  suture, 
lietween  the  upper  and  lower  lines  of  coarse  imbrications  there  are 
two  lines  of  the  smaller  ones,  and  between  the  lower  and  the  umbilical 
border  there  are  nine. 

Memurements. — Height,  10  mm.;  breadth,  13  or  14  mm.;  angular 
divergence  of  slopes,  80°. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station,  in  the  lower 
exposed  part  of  the  Theta ;  associated  with  Natica  wilUamsi^  Pleuro- 
tomaria circumtrunca^  Gervillia  corrugata^  Gryphcea  m^exicana^  and 
many  other,  especially  of  the  smaller  of  the  Malone  fossils.    Five 
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specimens  were  collected,  four  of  them  by  Doctor  Stanton,  after 
whom  the  species  is  named. 

NERITID^:. 

Genus  NERITA  Linnaeus. 

Nerita  nodilirata  sp.  n. 

PI.  XX.  tigs.  1^. 

Shell  thick,  composed  of  2J  to  3  whorls,  its  very  obtuse-apexed  inte- 
rior cast  loosely  coiled  and  making  only  about  a  revolution  and  a 
half;  body  w^horl  obtusely  angidated  above  the  middle,  somewhat 
concave  above  the  angulation  and  again  convex  above  the  concave 
zone;  spire  very  small,  rising  but  little  above  the  body  whorl; 
aperture  semilunar;  |)eristome  considerably  thickened  below;  colu- 
mellar  area  broadly  flattened  and  overspread  with  a  callus;  whorls 
transversely  trenchant-striate,  or  marked  with  close  and  abruptly 
elevated  transversa*  lines,  and  bearing  tubercular  or  noded  ribs; 
exi)osed  parts  of  the  spire  whorls  and  the  corresponding  (upper)  part 
of  the  body  whorl  l)earing  rather  remote,  compressed,  transverse  ribs, 
each  of  w^hich  bears  2  remote  nodes  (the  lower  node  being  at  the  lo<»u- 
of  angulation  in  the  body  whorl  and  just  above  the  infe»i?ior  suture  in 
spire  whorls),  these  ribs  continued  as  simple  ridges  across  the  lower 
part  of  the  whorls  in  very  young  shells,  but  on  the  body  whorl  of  older 
ones  giving  place  to  4  or  5  revolving  interrupted  ribs  or  rows  of  low, 
elongate  granules  or  tubercles. 

MenHurements, — Height,  27  mm.;  breadth,  30  mm.;  these  dimen- 
sions representing  considerably  le^^s  than  the  maximum  size.  The 
two  largest  specimens  at  hand,  though  too  imperfect  for  exact  meas- 
urement, indicate  dimensions  l)etweenone-third  and  one-half  greater. 

Orrurrence, — Especially  abundant,  with  Natira  iciUhnnHi  and  other 
(lasteropoda,  in  lower  strata  of  the  exposed  part  of  the  Theta,  between 
the  Trio  and  the  Truncate  mound,  l)eing  represente<l  in  my  collection 
by  54  specimens. 

The  species  belongs  to  the  subgenus  Lissochilus. 

Nerita  finlavensis  sp.  n. 

PI.  XIX,  fig.  1.5. 

General  form  somewhat  like  that  of  N,  nodilirata^  both  body  whorl 
and  spire,  however,  a  little  more  elevated:  whorls  few;  body  whorl 
with  an  even,  obtuse,  revolving  angulation  near  the  middle,  the  same 
l>eing  obsolete  near  the  aperture,  where  the  shell  is  almost  evenly 
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rounded,  and  gradually  becoming  noticeable  as  it  recedes  from  it  at 
half  a  turn  from  the  aperture;  the  same  angulation  apparently 
continued  on  the  lower  part  of  the  spire  whorls;  base  of  first  spire 
whorl  rising  abruptly  from  the  upper  margin  of  the  body  whorl,  the 
suture  thus  being  strongly  indicated ;  surface  of  shell  devoid  of  trans- 
verse (vertical)  ribs  or  nodes,  plain,  crossed  with  finer  and  coarser 
growth  lines. 

Measnreinents, — Height,  about  20  mm. ;  breadth,  18.5  mm. 

Oceiirrence. — One  specimen,  obtained  in  foothills  at  the  northwest 
end  of  Malone  Mountain,  about  2  miles  east-southeast  from  Finlay 
station. 

Nerita  peroblata  sp.  n. 
PI.  XIX,  figs.  16.  17. 

Shell  obliquely-depressed  oval,  consisting  of  2  whorls;  spire 
involved,  or  rising  but  feebly  above  the  adjoining  whorl  border: 
body  whorl  rapidly  increasing  its  centrifugal  expansion  with  spiral 
distance  from  its  origin,  convex  on  its  outer  and  lower  parts,  flattish 
on  an  upper  zone  which  is  limiteii  below  by  an  obsolescent  spiral 
ridge;  aperture  semicircular;  inner  lip  without  teeth,  bearing  a 
thick,  flat-snrfaced  callus;  outer  lip  with  simple  acute  border;  sur- 
face of  shel!  plain,  presenting,  besidas  the  obsolescent  spiral  ridge, 
only  growth  lines,  some  of  which,  more  pronounced  than  the  others 
and  occurring  at  irregular  intervals,  constitute  coarse  constrictions  and 
ridges  which  are  conspicuous  also  on  parts  of  the  cast  from  which  the 
shell  has  been  removed.  Of  the  outer  lip  in  the  type  only  the  lower 
border  is  preserved,  but  this  shows  the  simple  and  acute  character 
above  described. 

Measurement fi. — Height,  41  mm.  (of  which  the  spire  occupies  barely 
2) ;  breadth,  44  mm.;  height  of  aperture,  B5  mm.;  gi'eatest  (obliqueh 
centrifugal)  diameter  of  same,  29  mm. 

Occvrrence, — Known  only  by  one  example,  which  was  associated 
with  Nerita  nod  ill  rata  ^  etc.,  \\  miles  east  of  Malone  station. 

Max  Schlosser*  comments  on  the  Jurassic  forms  of  this  genus  as 
follows,  translated : 

The  Jurassic  Neritas  iire  distinguished  from  the  typical  by  the  Imperfect 
(Nerita  chromatica  Zitt.)  or  wholly  obsolete  toothing  of  the  inner  lip  (Nerita 
zittrli,  neumai/ri).  The  outer  lip  is  always  simple  with  cutting  border.  As 
the  only  departure  from  this,  one  observes  a  greater  or  less  thickening.  On 
the  inner  lip  api)ear8  a  mostly  very  strong,  often  indeed  high-arched  callus. 
The  general  habit,  however,  agrees  so  well  with  the  recent  forms  that  the 
erection  of  a  new  subgenus  appears  inadvisable. 

•  I>le  Fauna  der  Kelheimer  DIceras-Kalkes :   Palaeontographica,  vol.  28,  p.  Ori. 
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TURRITELLID^E. 
Genus  TURRITELLA  Lamarck. 

TURRITELLA   BURKARTI  Sp.  11. 
PI.  XX,  flg.  5. 

Shell  turreted,  of  moderate  size  for  a  Turritella,  consisting  of  numer- 
ous whorls,  which  are  greatly  convex,  wider  than  high,  and  medially 
carinate  by  virtue  of  the  ornamentation,  bearing  four  granulated, 
revolving  raised  lines,  of  which  one,  much  larger  and  more  prominent 
than  the  others,  and  more  decidedly  cariniform,  crosses  the  middle  of 
the  whorl,  while  2  of  the  3  smaller  and  subequal  ones  are  placed, 
respectively,  just  below  and  just  above  the  upper  and  lower  limiting 
suture,  the  remaining  one  being  placed  between  the  uppermost  one 
and  the  large  carina,  and  nearer  to  the  former  than  to  the  latter,  so 
that  the  3  intervals  increase  serially  from  uppermost  to  the  lowermost. 
Aperture  unknown. 

Measurements, — The  type  and  only  known  specimen  includes  four 
largely  embedded  whorls  within  a  span  of  14  mm.  The  largest  one 
of  these  whorls  has  a  height  of  4.5  mm.  and  an  exposed  breadth  of 
5.5  mm.,  which  is  less  than  the  true  breadth,  only  about  a  .third  of  each 
whorl  being  free  from  the  matrix. 

Occurrence, — In  the  anticline  on  the  east  slope  of  Malone  Moun- 
tain, nearly  1  mile  north  of  its  southern  end;  collecte4  by  Doctor 
Stanton. 

The  species  is  named  after  a  former  traveler  in  Mexico,  Mr.  Joseph 
Burkart,  who,  as  quoted  from  his  "Aufenhalt  und  Reisen  in  Mexico 
in  den  Jahren  1825  bis  1834  "  by  Castillo  and  Aguilera,  on  page  V  of 
their  Fauna  Fosil,  has  recorded  a  Turritella  (identified  as  to  genus 
by  Professor  Goldfuss)  as  collected  by  him  in  the  Mineral  de  Catorce 
some  three-quarters  of  a  century  ago.  The  species  collected  by  him 
may,  by  no  means  improbably,  have  corresponded  in  geological  age 
and  in  kind  with  the  Malone  species  above  briefly  described. 

VERMETID^E. 

Vermetos  cornejoi  Castillo  and  Aguilera  ?. 
PI.  XX,  flg.  a 

VermeiuH    {Burtinella)    cornejoi   CastiUo   and   AguUera,    1895.    Bol.    Com. 
Geol.  Mex.,  No.  1.  p.  12,  IM.  VI,  figs.  .'S,  6,  and  7. 

Eight  specimens  of  Vermetus,  from  the  Theta,  1^  miles  east  of 
Malone  station,  are  referred  to  this  species.    They  show  only  the  inner 
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whorls  and  only  one  of  them  approaches  in  size  the  smallest  one  of  the 
types  figured  from  the  Sierra  de  Catorce  by  Castillo  and  Aguilera. 
The  cavity  is  oval  in  cross  section,  and  its  lesser  diameter  is  equal  to 
about  four  times  the  thickness  of  its  wall. 
The  following  is  a  translation  of  the  specific  diagnosis : 

Shell  small,  free  in  the  adnlt  state,  tubular,  inrolled  planorbiform,  sfnistral, 
last  whorl  unrolled.  Tube  rugose,  bearing  two  spiral  carime  at  the  base,  the 
exterior  more  prominent  than  the  interior,  inclosing  between  them  a  narrow 
furrow.  Aperture  circular  or  slightly  oval.  Surface  furnished  with  sinuous 
growth  lines  and  quite  pronounced  on  the  upiier  part  of  the  whorls,  less  so  on 
the  inferior  part. 

NATICID^E. 

Genus  NATICA  (Adanson)  Lamarck. 

Natica  williamsi  sp.  n. 

PI.  XX,  figs.  7,  8. 

Shell  of  medium  size  in  its  genus,  imperforate;  whorls  5;  spire 
small,  short,  and  concave,  giving  it  an  apiculate  aspect  when  well  pre- 
served, its  height  about  one-fifth  of  that  of  the  entire  shell;  body 
whorl  large,  obliquely  inverted  pyriform,  flattish  on  the  region  below 
the  weakly  impressed  suture,  the  greatest  convexity  being  somewhat 
al)ove  the  middle  of  the  whorl;  inner  lip  and  columellar  region  cov- 
ered with  a  layer  of  callus ;  aperture  rather  long  and  narrow,  narrow- 
ing gradually  upward,  rounded  below,  subacute  above. 

Meamirements. — Height,  40  mm.;  breadth,  about  30  nmi.  Other 
specimens,  not  allowing  precise  measurement,  indicate  about  one  arid 
a  half  times  these  dimensions. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station,  associated 
with  Natica  infecta.  Nerita  nodilirata^  etc.  At  this  locality  it  is  one 
of  the  commonest  of  the  Malone  Gastropoda.  Nearly  a  hundred 
specimens  are  in  hand,  most  of  them  poorly  preserved  owing  to 
weathering. 

This  shell  is  named  for  Mr.  John  W.  Williams,  who  in  1897  was 
prospecting  in  the  Quitman  Mountains  not  far  from  Malone,  and 
whose  exceedingly  kind  and  thoughtful  interest  in  my  work,  dis- 
played in  many  practical  ways,  contributed  not  a  little  in  that  year  to 
the  pleasure  as  well  as  the  success  of  my  explorations  in  the  Malone 
district. 

In  its  low  and  concave  spire  and  feebly  impressed  suture,  and  a  tend- 
ency to  greater  breadth  in  the  upper  part  of  the  body  whorl,  the 
shell  recalls  Actseonella  and  constitutes  an  unusual  phase  of  Jurassic 
Amauropsis. 
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NaTICA    in  ELECTA    Sp.  n. 

PI.  XX.  figs.  11.  12. 

Shell  of  medium  or  rather  small  size  in  its  genus,  smaller  than 
Nntiea  tinllinmsi^  consisting  of  about  5  whorls,  imperforate,  of  rathei 
.stout  or  medium  elevated  habit;  the  spire  not  concave,  much  more 
elevated  than  that  of  the  above-mentioned  species,  its  height  being 
about  two-fifths  of  that  of  the  shell,  composed  of  convex,  well-rounded 
whorls,  separated  by  sutures  which  are  deeply  and  rather  suddenly 
impressed,  a  narrow  upper  border  of  the  whorls  being  gently  and 
subhorizontally  flattened;  aperture  narrow,  or  elevated,  considerably 
less  so,  however,  than  that  of  .V.  wilUamsi^  narrowly  rounded  below, 
obtusely  pointed  above;  columella  slightly  produced,  inner  lip  and 
spindle  callus-plated ;  surface  smooth  or  crossed  only  with  ordinary 
growth  lines. 

Measurements, — Height,  35  mm.;  breadth,  27  mm.;  height  of 
.spire,  14  mm.  A  second  example  has  dimensions  about  75  per  cent 
greater. 

Occurrence. — A  mile  and  a  half  east  of  Malone  station;  with 
Natica  williamsi^  from  which  the  species  is  readily  distinguished. 
The  writer  obtained  only  three  shells  of  ^V.  infecta^  one  of  which,  a 
young  example,  has  the  body  whorl  crossed  with  alternating  dark  and 
light  bands,  parallel  with  the  growth  lines.  An  example  was  ob- 
tained by  Doctor  Stanton  at  the  same  locality,  and  one  by  him  in  foot- 
hills at  the  northwest  end  of  Malone  Mountain,  about  2  miles  east- 
southeast  from  Finlay  station. 

The  species  seems  to  stand  close  to  the  English  Oxfordian  form,  N, 
arguta  Phil.,  and  is  referred  to  the  subgenus  Amauropsis,  to  which 
all  of  the  Natica?  now  known  from  the  Malone  formation  seem  to 
belong. 

Natica  finlayensis  sp.  n. 

PI.  XX.  figs.  15,  16. 

Shell  of  medium  size  in  its  genus,  subovate,  imperforate;  whorls 
about  5,  moderately  convex,  those  of  the  spire  broad  and  low;  body 
whorl  large,  elevated,  oblique;  spire  more  than  a  third  and  consider- 
ably less  than  half  of  the  height  of  the  shell,  higher  than  the  spire  of 
Natica  willlamst,  lower  than  that  of  .V.  infecta;  suture  much  more 
strongly  impressed  than  that  of  the  former  and  much  less  so  than  that 
of  the  latter  species;  aperture  elevated,  arcuate-pyriform,  pointed 
above,  rounded  below;  inner  lip  not  fre^-margined,  and  apparently 
with  little  callus,  concave  below,  convex  above;  surface  plain. 

Measuremerds, — Height  (approximately),  42  mm.;  breadth, 
30  nmi. 
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Orcvrreiue. — The  type  and  only  known  example  was  obtained  by 
Doctor  Stanton  in  foothills  at  the  north^^est  end  of  Malone  Moun- 
tain, a  little  over  2  miles  east-southeast  from  Finlay  station. 

NaTICA  BILABIATA  sp.   n. 
PI.  XX,  flss.  0,  10. 

Shell  rather  small,  consisting  (apparently)  of  about  3A  strongly 
convex  whorls;  without  umbilicus;  provided  with  a  narrow,  elon- 
gate, and  shallow  cleft  formed  by  the  eversion  of  the  inner  lip; 
spire  short,  its  height  much  less  than  that  of  the  aperture;  suture 
well  impressed;  aperture  obliquely  ovate,  about  two-thirds  as  high 
as  the  entire  shell;  outer  lip  simple;  inner  lip  everted,  thickened 
below,  its  lx)rder  quite  free  in  the  middle  region,  where  it  pursues  a 
nearly  straight  course  and  constitutes  the  outer  bound  of  the  small 
umbilical  cleft;  exterior  smooth  except  for  the  numerous  ordinary 
growth  lines. 

Measurements, — Height,  about  21  mm. ;  breadth  18  mm. 

Occurrence. — One  specimen,  from  the  same  fragment  of  limestone 
that  bore  one  of  the  types  of  Unicardium  semirotundum ;  \\  miles 
east  of  Malone  station.     Collected  by  Doctor  Stanton. 

PYRAMIDKLLin^E. 
.     Genus  PSEUDOMELANIA  Pictet 

PSEUDOMELANIA  GOODELLII  Sp.  U. 
PI.  XXI.  fig.   10. 

Shell  large,  turreted,  consisting  of  numerous  smooth,  flattened, 
upwardly-imbricated  whorls,  of  which  the  lower  spire  whorls  are 
nearly  twice  as  wide  as  high ;  shell  substance  thick,  sometimes  show- 
ing, parallel  with  the  height  (length)  of  the  shell,  numerous  rather 
narrow,  unequal,  or  subequal,  alternating  dark  and  light  band.s,  of 
which  there  are  perhaps  as  many  as  50  of  either  shade  on  each  whorl. 

Meamiremcnts, — Breadth  of  body  whorl  in  largest  specimen,  50 
mm. ;  breadth  of  first  spire  whorl,  43  mm. ;  height  of  same,  21  mm. 
The  shell  in  this  specimen  apparently  had  a  height  of  170  to  180 
mm.  In  a  second  example,  with  body  whorl  44  mm.  in  breadth,  the 
shell  height  is  about  165  mm. 

Occurrence. — This,  the  largest  of  the  Gastropoda  Icnown  from  the 
Malone  formation,  is  only  moderately  common ;  and  all  of  the  mate- 
rial of  it  obtained  is  more  or  less  fragmentary,  though  collectively 
affording  a  fair  knowledge  of  the  species.  The  above  description  of 
it,  based  on  all  of  the  material  now  known,  supersedes  an  earlier  one 
in  manuscript  made  by  me  at  a  time  when  my  knowledge  of  the 
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species  was  derived  solely  from  an  imperfect  specimen,  which  was 
from  the  locality  H  miles  east  of  Malone  station.  Besides  a  frag- 
ment from  the  locality  just  named,  Doctor  Stanton's  collections 
include  material  of  this  shell  from  the  following  localities:  From  Xo. 
13  (the  Nautilus  horizon)  of  his  Malone  Mountain  section,  on  the 
west  side  of  the  mountain,  southwesterly  from  Malone  station;  and 
from  about  1  mile  east  of  Finlay  station,  one  of  the  specimens  from 
the  last-named  locality  being  in  rock  with  Trigonia  calderoni.  A 
poorly  preserved  portion  of  probably  this  fossil  was  also  found  by 
Doctor  Stanton  in  the  anticline  in  the  eastern  slope  of  Malone  Moun- 
tain nearly  1  mile  noilh  of  its  southern  end. 
The  species  is  named  after  the  late  Mr.  Robert  W.  Goodell. 

NERINEID^E. 

Genus  NERINEA  Defrance. 

Nerinea  ooodellii  sp.  n. 

PI.  XXI,  figs.  1-3. 

Shell  turriculate  to  cylindrical-turriculate,  not  exceedingly  atten- 
uate; walls  thin,  the  outer  one  bearing  internally  one  prominent,  thin, 
and  acute  fold  which  extends  scarcely  half  waj'  across  the  chamber; 
columella  rather  slender,  in  part  hollow,  bearing  2  thin  folds  both 
smaller  than  the  outer  fold;  whorls  apparently  17  or  more,  low, 
usually  as  much  as  one  and  a  half  times  and  sometimes  about  twice 
as  wide  as  high,  concave,  the  opposed  borders  of  successive  whorls 
tending  to  form  a  low  cariniform  ridge  with  linear  suture  on  the 
summit  line,  the  surface  of  each  whorl  ornamented  with  3  or  4 
linear,  raised,  revolving  lines  and  ordinary  oblique,  somewhat  sinu- 
ous growth  lines.  Of  the  three  internal  folds,  the  upper  columellar 
one,  which  descends  from  the  junction  of  the  upper  wall  of  the 
chamber  with  the  columella,  is  the  smallest  and  thinnest,  yet  is  quite 
salient. 

Measurements, — Breadth  of  largest  whorls  reaching  14  nrnfi. ;  angu- 
lar divergence  of  slopes  5°  or  6°  to  8°. 

Occurrence, — Common  in  the  limestone  layers,  and  less  so  in  the 
sandstone,  at  various  levels  in  the  Theta,  \\  miles  east  of  Malone  sta- 
tion ;  exceedingly  abundant  in  some  of  the  lower  layers.  Weathered- 
out  specimens  usually  occur  in  segments  of  two  or  three  to  a  dozen  or 
more  whorls.  Besides  the  numerous  specimens  in  my  collection, 
which  include  some  natural  longitudinal  sections,  I  have  examined 
four  specimens,  one  of  which  is  an  artificial  section,  submitted  by 
Doctor  Stanton.  Several  poor  weathered  sections  were  obtained  near 
the  south  end  of  Malone  Mountain,  from  ft  locality  which  yielded 
also  a  specimen  of  Trigonia  munita. 
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I  have  not  been  able  to  ascertain  the  maximum  height  of  this  shell, 
nor  with  certainty  the  number  of  whorls;  but  in  1  specimen  only 
4  mm.  in  breadth  and  about  17  mm.  in  height  there  are  15  whorlb  pre- 
served, while  probably  2  or  3  minute  ones  have  been  dissolved  away 
at  the  summit. 

The  revolving  lines  of  ornamentation  on  this  shell  are  very  delicate 
and  commonly  are  not  seen  at  all  on  weathered  specimens. 

In  its  internal  ridges,  as  well  as  in  the  form  of  its  whorls,  the  spe- 
cies resembles  the  Corallian  form,  N.  goodhalUi  Sowerby.«  It  is 
named  for  the  Messrs  R.  R.  and  R.  W.  Goodell,  in  recognition  of 
their  joint  exploration  of  the  Malone,  an  account  of  which  has  been 
given  else\N  here. 

For  comparison  with  Nerinea  goodellii^  Doctor  Stanton  has  handed 
the  writer  some  fragments  and  fragmental  prepared  sections  of  a  Ne- 
rinea ••'  broken  from  the  hand  specimen  that  bears  the  larger  of  the 
types  of  Trigonia  taffii  Cragin."  ^  These  resemble  N.  goodellii  super- 
ficially, but  appear  to  lack  revolving  lines  and  to  present  sectional 
details  which  seem  to  refer  them  to  a  different  species,  although  the 
unsatisfactory  state  of  their  preservation  forbids  full  assurance  that 
their  internal  characters  are  all  correctly  understood.  In  the  Nerinea 
from  Bluff  Mesa  the  fold  on  the  outer  wall  is  relatively  thicker  and 
more  obtuse  and  is  altogether  larger  than  in  N,  goodellii^  extending  a 
little  more  than  half  way  across  the  chamber;  the  lower  columellar 
fold  is  also  coarser  than  that  of  N,  goodellii.  The  upper  columellar 
fold  is  not  very  clearly  indicated;  if  present  at  all  it  is  apparently 
obsolescent,  or  at  least  much  smaller  than  that  of  N.  goodellii. 

Nerinea  circumvoluta  sp.  n. 
PI.  XXI,  figs.  4,  5. 

Shell  cylindrical-turriculate;  walls  thin,  with  one  outer  and  two 
columellar  folds  situated  as  in  the  much  more  common  Nerinea 
goodellii^  all  of  the  folds  delicate,  the  outer  one  less  so  than  the  other 
two;  columella  solid,  rather  slender;  whorls  flat  or  only  very  slightly 
concave,  one  and  a  fourth  times  as  high  as  wide,  apparently  at  least 
as  numerous  as  in  N.  goodellii^  presenting  an  imbricated  appearance 
at  the  suture,  as  if  the  outer  wall  of  each  whorl  slightly  overlapped 

•  Described  and  figured  In  exterior  and  in  section  by  James  de  Carle  Sowerby,  in  Dr. 
William  Henry  Fitton's  **  Observations  on  some  of  the  strata  between  the  Chalk  and  the 
Oxford  Odilte  in  the  southeast  of  England  ;  "  Trans.  Geol.  Soc.  London.  2d  ser..  vol.  4. 
1836.  Sowerby's  figures  (12  of  1*1.  XX 1 11,  loc.  cit.)  represent  It  as  several  times  larger 
than  the  shell  here  described  as  goodellii.  The  flgun»s  1294  of  the  fourth  edition  of 
Dana's  Manual  are  partial  and  much  reduced  copies  of  Sowerby's  figures,  but,  unlike  the 
latter,  represent  the  shell  as  thick-walled. 

»The  large  valve  from  Bluff  Mesa,  which  is  the  real  type  of  this  Trigonia.  See  remarks 
on  Trigonia  taffii  on  page  10. 
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the  whorl  next  above;  suture  subtended  by  a  narrow,  plain  band, 
which  is  itself  limited  below  by  a  delicate  strispform  groove ;  surface 
ornamented  only  with  growth  lines,  which  are  for  the  most  part  ver- 
tical, becoming  strongly  recurved  as  they  near  the  upper  border  of 
the  whorl. 

Measurements. — A  fragment  6.5  mm.  wide  at  the  lower  end  has  5 
whorls  in  a  height  of  29  mm. 

Occurrence. — The  species  is  based  on  several  segments  collected 
and  a  longitudinal  sectfon  prepared  by  Doctor  Stanton,  and  which 
are  from  the  locality  1 J  miles  east  of  Malone  station. 

Genus  NERINELLA  Sharpe. 

Nerinella  stantoni  sp.  n. 

PI.  XXI,  figs.  0-9. 

In  1898  Doctor  Stanton  very  kindly  communicated  a  specimen  of 
Nerinella,  partly  cut  in  longitudinal  section,  which  he  had  obtained 
while  collecting  with  me  during  the  previous  year  from  the  same  beds, 
IJ  miles  east  of  Malone  station,  that  yielded  Nerinea  goodellii. 

It  is  exceedingly  attenuated  and,  within  53  mm.,  includes  20  con- 
cave whorls  from  a  number  that  must  obviously  have  been  much 
greater  in  the  complete  shell.  The  chamber  has  no  columellar  fold, 
but  its  outer  wall  presents  a  simple,  short,  and  rather  obtuse  fold  at 
about  mid  height.  The  whorls  are  crossed  by  numerous  delicate 
growth  lines  and  are  ornamented  with  4  equidistant,  spiral,  carini- 
form  lines  on  the  main  part,  besides  2  which  are  so  close  to  the  whorl 
borders  as  often  to  be  difficultly  distinguishable. 

I  find  in  my  own  collection,  made  1^  miles  east  of  Malone,  a  few 
incomplete  and  more  or  less  weathered  specimens  of  this  fossil.  One 
of  these  supplements  Doctor  Stanton's  specimen  as  to  the  upper  part 
of  the  spire,  showing  16  additional  whorls,  with  apparently  a  very 
few  still  to  be  added  at  the  apex.  Another  represents  a  basal  portion 
considerably  broader  than  the  larger  end  of  Doctor  Stanton's  speci- 
men, so  that  the  number  of  whorls  in  this  shell  can  be  little,  if  at  all. 
short  of  50.  The  greatest  breadth  shown  by  any  of  these  specimens 
is  between  5  and  6  mm.  The  height  of  the  shell  is  roughly  estimated 
at  about  100  mm. 

This  fossil  is  also  recognized  in  material  obtained  by  Doctor  Stan- 
ton at  the  following  places:  In  No.  13  of  his  Malone  Mountain  sec- 
tion, about  2  miles  southwest  of  Malone  station,  on  the  west  of  the 
mountain ;  in  about  the  same  horizon  something  over  1  mile  east  of 
Finlay  station,  and  in  the  anticline  at  the  east  base  of  the  mountain, 
about  a  mile  from  its  southern  end. 
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CERITHIID.E. 
Genus  CERITHIUM  Adanj^n. 

Certthium  ARcun'ERUM  sp.  n. 

PI.  XX,  flg.  13. 

Shell  small,  turriculate,  many  whorled;  spindle  solid;  mouth 
subquadrate;  surface  of  the  gently  convex  whorls  ornamented  with 
numerous  fine  revolving  lines  and  with  coarse  transverse  folds,  or 
ribs,  the  latter  strongly  arched  backward,  the  summit  and.  more 
prominent  portion  of  the  arch  being  on  the  lower  and  more  promi- 
nent portion  of  the  whorls.  Of  the  revolving  lines  there  are  about 
17  on  the  first  spire  whorl,  and  of  the  arcuate  folds  there  are  about 
the  same  number  on  the  body  whorl. 

Measurements. — Breadth,  7  nmfi. ;  angular  divergence  of  slopes 
on  the  lower  part  of  the  shell,  21°  or  22°. 

Occurrence. — ^A  mile  and  a  half  east  of  Malone  station;  with 
Nerita  nodilirata^  Pleurotomaria  cirmimtninca^  etc.  Only  a  single 
specimen  lacking  the  lower  end  of  the  spindle  and  the  upper  part  of 
the  spire  has  been  found. 

Owing  to  the  incompleteness  of  the  lower  extremity  of  the  shell  in 
the  type  the  basal  canal  is  not  shown,  but  its  presence  in  the  complete 
shell  and  a  reference  to  the  genus  Cerithium  are  indicated  by  the  char- 
acter of  the  spindle  and  the  general  habit  of  the  shell,  the  latter  being 
apparently  that  of  the  subgenus  Cerithinella. 

Genus  ACT^ONINA  d'Orbigny. 

AcT-«ONINA  ?   MALONIANA  Sp.  U. 
PI.  XX,  flg.  14. 

Whorls  4  or  5;  body  whorl  large,  about  three-fourths  as  wide  as 
high  in  the  cast,  its  sides  gently  convex;  spire  small,  evidently  not 
much  exceeding  one-fifth  of  the  body  whorl  in  height;  aperture 
high  and  narrow,  somewhat  broadened  below,  and  the  inner  lip  appar- 
ently without  fold ;  general  surface  as  indicated  by  a  preserved  basal 
fragment,  marked  with  delicate  revolving  grooves  or  striae,  the  striae 
separated  by  intervals  wider  than  themselves. 

Measurements. — Height  (approximately),  14.5  mm.;  breadth, 
10  mm. 

Occurrence. — ^Known  only  by  a  cast  bearing  two  fragments  of  the 
shell ;  obtained  by  Doctor  Stanton  1^  miles  east  of  Malone  station. 
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When  viewed  from  above,  the  cast  presents  a  somewhat  stjuared 
form,  due  apparently  to  the  accident  of  rock  pressure. 

CEPHALOPODA. 

NAUTILOIDEA. 

Genus  NAUTILUS  Breyn. 

Nautilus  burkarti  C.  and  A.  ? 

PI.  XXII,  flg.  1. 

Nautilus  hurkarti  CastiHo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex.,  No.l. 
p.  12,  PI.  XXI,  flg.  3. 

I  provisionally  refer  to  this  species  an  imperfect  specimen  of  Nau- 
tilus of  inflated  form  obtained  by  Doctor  Stanton  in  No.  13  of  his 
JSIalone  Mountain  section,  on  the  west  side  of  the  mountain  southwest 
of  Malone  station.  The  dimensions  are  much  larger  than  tho?e  indi- 
cated by  Castillo  and  Aguilera's  figure  and  description  of  N.  burkarti^ 
which  are  perhaps  those  of  a  young  example. 

The  Malone  Mountain  specimen  gives  the  following  measurements : 
Height  of  shell,  123  mm. ;  height  of  last  whorl,  67  mm. ;  breadth  of  the 
latter,  as  restored,  86  mm.  The  height  of  the  last  whorl  is  therefore 
about  54.5  per  cent  and  its  breadth  about  70  per  cent  of  the  height  of 
the  shell,  as  against  55  and  64,  given  as  corresponding  percentages  for 
the  type-specimen. 

The  following  is  a  translation  of  the  original  description  of  the 
species : 

SheU  extremely  inflated;  spire  composed  of  few  whorls  whjeh  cover  more 
than  three-fourths  of  the  whorls  preceding;  flanks  quite  convex  and  attaining 
their  greatest  thickness  near  the  umhilieus,  wlience  they  descend  gradually 
toward  the  siphonal  region,  which  is  quite  rounded;  umbilicus  narrow,  deep, 
and  funnel -shaj)ed ;  aperture  very  much  invaded  by  the  spire  whorl,  wider  than 
high,  rounded  on  the  upper  part ;  surface  nearly  smooth,  destitute  of  tubercles, 
bearing  only  marked  growth  lines,  which  make  it  slightly  rough  on  some  parts. 

Diameter 40.00  mm. 

Breadth  of  the  last  whorl  in  relation  to  the  diameter .  55 

Thickness  of  the  last  whorl  in  relation  to  the  diameter .  64 

Diameter  of  the  umbilicus  to  the  diameter .  23 

Nautilus  naufragus  sp.  n. 

PI.  XXI II,  fig.  3,  PI.  XXIV,  flg.  3. 

Shell  involute,  somewhat  compressed ;  volutions  deeply  embracing, 
increasing  rapidly  in  size,  narrowed  on  the  feebly  convex  flanks  from 
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a  region  of  maximum,  yet  moderate  inflation,  near  the  umbilicus  to 
the  rather  narrowly  rounded  periphery ;  septa  about  24  to  each  turn, 
the  sutures  feebly  waved  or  sigmoid ;  umbilicus  narrow,  filled  with  a 
shelly  columella;  surface  of  shell  smooth.  The  position  of  the 
siphuncle  has  not  been  determined. 

Measurements, — The  greatest  diameter  of  the  larger  specimen  is 
about  122  mm.  The  height  of  the  largest  preserved  part  of  the  body- 
chamber  in  its  median  plane  is  about  50  mm.  The  height  of  the 
same  part  of  the  body-chamber  over  all,  or  measured  on  a  tangent  to 
the  flank  from  the  level  of  its  umbilical  border  to  the  level  of  the 
periphery,  is  about  71  mm.  (66  on  one  flank,  76  on  the  other  flank, 
in  the  specimen  as  preserved,  the  umbilical  axis  having  an  oblique 
position,  due  to  crushing).  The  original  breadth  of  the  same  part  of 
the  body  chamber,  allowing  for  crushing,  was  apparently  not  less 
than  60  mm. 

Occurrence. — Two  imperfect  specimens  of  this  shell  were  collected 
by  Doctor  Stanton  in  foothills  near  the  railroad,  at  the  northwest 
end  of  Malone  Mountain,  about  2  miles  east-southeast  from  Finlay 
station,  the  horizon  not  more  than  200  feet  above  the  gypsum  bed. 

AMMONOIDEA. 

Genus  OPPELIA  Waagen. 

Oppelia  ?  FALLAx  (C  and  A.). 

PI.  XXII,  figs.  2,  3. 

Placenticera8  fallax  CastiUo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex.,  No.  1, 
p.  17,  PI.  VIII,  figs.  1.  2. 

This  large,  plain,  compressed,  and  obtusely  lenticular  ammonite  is 
rather  common  in  the  limestone  portions  of  Theta  subdivision  of  the 
Trio  section,  1^  miles  east  of  Malone  station,  but  has  been  obtained 
thence  in  fragmentary  specimens  only. 

The  following  is  a  translation  of  the  original  specific  description : 

Shell  compressed,  narrowly  umbilicate.  Spire  i^omposed  of  not  very  numerous 
embracing  whorls,  which  almost  completely  hide  the  previous  whorls.  Flanks 
feebly  convex,  descending  gradually  toward  the  umbilical  border  and  with  the 
same  regularity  toward  the  siphonal  region,  which  is  rounded  and  a  little  more 
narrow  than  the  flanks ;  the  greatest  thickness  of  the  shell  Is  on  the  umbilical 
l)order.  TTnibillcus  very  narrow  and  deep,  with  vertical  walls,  with  uncari- 
nated  border.  Aperture  very  high,  considerably  invaded  by  the  spire  whorl, 
rounded  in  the  upj)er  part,  of  nearly  elliptical  form.  Surface  of  the  shell 
smooth  on  the  last  whorls,  bearing  In  the  earlier  whorls  fine  lines  of  growth. 
Diameter,  104  mm. ;  breadth  of  the  last  whorl  in  relation  to  the  diameter,  0.54 : 
thickness  of  the  last  whorl  In  relation  to  the  diameter,  0.32;  diameter  of  the 
umbilicus  In  relation  to  the  diameter.  0.16. 
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To  the  above  description  Castillo  and  Aguilera  add  the  following 
remarks : 

We  place  this  species  in  the  genus  Pktcenticeras,  notwithstanding  that  by 
its  form  it  could  be  considered  as  a  Phylloceras,  by  the  characters  of  the 
Kutural  line  which,  though  imperfectly  visible  in  one  of  the  specimens  of  our 
collection,  does  not  present  the  saddles  terminated  by  the  roundels  characteristic 
of  the  Phylloceras,  only  ramifications  and  subdivisions  similar  to  those  of  tlie 
Placetiticeras. 

As  it  makes  some  departures  from  the  characters  belonging  to  most 
of  its  congeners,  this  ammonite  may  seem  at  first  sight  almost  as 
much  of  an  anomaly  in  the  genus  Oppelia  as  it  was  supposed  to  be  in 
Plaeenfirerafi.  But  the  suture,  which  has  the  lobes  and  saddles  very 
few  instead  of  many,"  and  has  the  first  lateral  lobe  contrastingly 
the  largest,  sufficiently  distinguishes  it  from  the  latter  genus  and 
relates  it  to  Oppelia  and  Haploceras^  with  which  also  agree  its  invo- 
lute, narrowly  umbilicated  shell,  its  rounded  venter,  its  rather  com- 
pressed lenticular  form,  and  the  absence  of  periodical  constrictions. 
It  seems  indeed  to  have  its  closest  affinities  and  to  belong  among  the 
round-ventered,  phylogerontic  forms  of  Oppelia  which  occur  in  the 
latast  Jurassic  rocks,  in  which  this  genus  makes  its  final  appearance; 
the  venter,  in  (9.  fallow ^  being  rounded  both  on  the  outer  and  on  the 
inner  whorls. 

The  Malone  Oppelia  bears  considerable  resemblance  to  the  Titho- 
nian  species,  0.  waageni  Zittel,  having' about  the  same  outward  form 
and  being  of  large  size;  but  it  apparently  lacks  a  vestige  of  even  such 
feebly  expressed,  coarse  lateral  ribs,  or  undulations,  as  are  seen  on 
that  shell,  and  is  more  critically  distinguished  from  it  by  the  charac- 
ters of  the  suture.  The  first  lateral  saddle  is  much  narrower  in  the 
Malone  ammonite  than  in  Op^yelia  waageni^  and  the  first  lateral 
lol)e — which  is  quite  unsymmetrically  branched  in  the  latter  shell — 
presents  an  almost  symmetrical  branching  in  O.  fallax.  In  this  last- 
mentioned  character,  0,  fallax  departs  from  the  condition  most  com- 
mon in  Oppelia  and  approaches  the  usual  condition  in  Desmoceras^ 
from  which  genus  it  is  separated  by  the  absence  of  constrictions. 
The  siphonal  lobe  is  about  half  as  long  as  the  first  lateral  lobe  and 
ends  in  two  small  branches  on  either  side. 

Though  conmionly  represented  from  the  Malone  district  by  whorl 
fragments  of  dimensions  not  or  little  exceeding  those  given  by  Cas- 
tillo and  Aguilera  for  the  examples  from  the  Sierra  de  Catorce,  the 
shell  attains  a  much  larger  size.  One  specimen,  of  which  consider- 
able portions  were  collected  11  miles  east  of  Malone  station,  has  in 
the  largest  preserved  cross  section  of  the  body  chamber,  a  height  of 
about  145  and  a  breadth  of  at  least  93  mm.,  while  the  diameter  of 

■  My  attention  was  first  called  to  the  few-lobed  suture,  as  Inconsistent  with  Placenticeras, 
hy  Doctor  Stanton. 
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the  coil  (a  large  part  of  whose  periphery  is  preserved)  must  have 
considerably  exceeded  a  foot.  The  specific  identification  is  tentative, 
as  it  is  based  on  the  comparison  of  imperfect  specimens  with  Castillo 
and  Aguilera's  description  and  figures.  The  specimen  figured  is  a 
young  individual  and  the  only  one  in  the  collection  that  shows  more 
than  a  fragment  of  a  complete  volution. 

Genus  OLCOSTEPHANUS  Neumayr.  ; 

Olcostefhanus  malonianus  sp.  n. 

PI.  XXIV,  figs.  J,  2. 

Shell  large  and  moderately  involute,  consisting  of  massive  whorls 
which  are  at  least  as  high  as  or  a  little  higher  than  wide,  with  flat- 
tish-convex  flanks  and  broadly  rounded  periphery,  about  one-fourth 
of  the  height  of  each  inner  whorl  embraced  within  the  whorl  next 
outer;  umbilical  costte  not  at  all  resembling  compressed  tubercles, 
but  heavy,  long,  and  truly  rib-like,  travemng  the  lower  and  middle 
parts  of  the  flank  from  the  lower  border  to  between  half  and  two- 
thirds  the  height  of  the  whorl,  giving  place  at  their  upper  ends  to 
numerous  compressed,  narrowly  round-topped  costellae  which  are 
fascicled  mostly  in  threes  at  their  origin,  but  are  uniformly  dis- 
tributed upon  the  periphery  of  the  whorls,  over  which  they  pass 
without  interruption,  swinging  very  little  forward;  suture  strongly 
dissected,  the  two  lateral  lobes  and  saddles  large  and  complexly 
branching,  the  external  one  especially  so.  The  body  chamber  is 
unknown. 

MeaHuremenU. — The  largest  known  whorl  section  (which  is  in  the 
septate  portion  of  the  shell)  has  the  height  and  breadth  about  110  and 
105  mm.;  an  inner  one  about  58  and  57  mm.,  respectively. 

Occurrence, — Only  a  few  parts  of  whorls,  most  if  not  all  of  which 
l)elong  to  one  specimen,  were  collected  at  the  locality  \\  miles  east  of 
Malone  station. 

The  species  is  intermediate  in  general  proportions  between  the  two 
species  of  Olcostephanus  known  from  the  Alamitos  beds — ^which 
seem  to  correspond  in  some  measure  with  the  Malone  formation — in 
Mexico:  O,  "  af.  portlandicus  de  Loriol  "  and  O.  potoaina  of  Castillo 
and  Aguilera. 

Genus  PERISPHINCTES  Waagen. 

PeRISPHINCTES  CI.ARKI  Sp.  U. 
PI.  XXIX,  figs.  1,  2. 

Shell  large,  discoidal,  many  whorled,  broadly  umbilicated;  involu- 
tion more  than  one-half;  whorls  ovate,  the  outer  ones  elevated  or  nar- 
row-ovate in  cross  section,  narrowed  toward  the  venter,  which  is 
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rather  narrowly  rounded;  the  flanks  flattish-convex ;  umbilical  border 
rounded;  the  wall  of  the  outer  whorl  sloping  rather  gently  to  tlie 
next  whorl  within  it,  that  of  the  inner  whorls  descending  somewhat 
more  steeply  below ;  inner  whorls  ornamented  with  strongly  elevated, 
moderately  close,  but  not  crowded,  dichotomous  ribs  whose  branches 
separate  at  about  the  middle  of  the  flank  and  continuously  cross  the 
venter,  the  lateral  ribs  not  noticeably  enlarged  on  the  umbilical  bor- 
der, this  ornamentation  becoming  gradually  changed  to  large  low 
undulations  on  the  outer  whorls  and  almost  vanishing  before  the  (pre- 
sumably plain  or  nearly  plain)  body  chamber  is  reached;  septal  line 
with  two  strong  lateral  lobes,  which  are  rather  strongly  dissected,  and 
a  deep  suspensive  lobe ;  the  first  lateral  lobe  large,  twice  or  more  than 
twice  as  long  as- the  second,  longer  than  the  siphonal  lobe,  and  having 
three  strong  terminal  branches  of  which  the  outer  is  subtended  by  a 
smaller  branch;  the  second  lateral  lobe  pinnate,  not  distinctly 
branched  at  summit;  a  noticeable  lobe,  similar  to  the  second  lateral 
lobe,  but  slenderer  and  about  two-thirds  as  long,  stands  between  the 
first  lateral  and  the  siphonal  lobe ;  suspensive  lobe  consisting  of  one  tall 
piimate  lobe,  with  strongly  trifid  summit,  which  is  outwardly  pre- 
ceded by  a  trio  consisting  of  a  small  lobe  flanked  on  either  side  by  a 
lobule  and  is  inwardly  followed  by  two  obtuse  lobes  the  inner  of  which 
is  very  low  and  often  3-denticled.  This  description  of  the  septal  line 
relates  to  the  later  septa,  the  preceding  ones  being  somewhat  simpler. 

Measu?*em£nts, — Height  of  largest  cross  section  of  whorl  preserved 
in  the  type,  85  mm.;  breadth  of  same,  54  mm.;  span  of  umbilicus 
opposite  same  section,  90  mm. 

Occitrrenee. — The  type  represents  a  considerable  and  wholly  septate 
part  of  the  form  and  was  obtained  by  Doctor  Stanton  from  No.  13  of 
Jiis  Ma  lone  Mountain  section  on  the  west  side  of  the  mountain,  about 
2  miles  southwesterly  from  Malone  station.  He  obtained  a  fragment 
also  on  the  east  slope  of  the  mountain  near  its  southern  end,  about  200 
or  300  feet  above  the  heavy  bed  of  gA'psum  which  there  forms  the  base 
of  the  mountain ;  and  a  poorly  preserved  specimen  and  fragment  from 
foothills  near  the  railroad,  at  the  northwest  end  of  Malone  Mountain, 
a  little  over  2  miles  east-southeast  of  Finlay  station,  not  more  than 
200  feet  above  the  gj'psum  bed  of  that  locality. 

It  is  not  unlikely  that  this  is  the  same  species  as  that  figured  and 
briefly  described  from  the  Tithoniau  of  Mexico  as  *'^PeriMphinetes 
sp.  ( ?)"'  by  Castillo  and  Aguilera,"  and  compai'ed  by  them  in  its  rib- 
bing with  P.  lictor^  F.  haliarchns^  and  P.  polygyratus.  The  septal 
line  bears  considerable  resi»niblance  to  that  of  the  latter  species,  which, 
from  the  WTiite  Jura  I^ta,  Quenstedt  ^  figures  under  the  name  of 
'^ Ammonites  tripJiratus  alhusr 

•  Faunft  Ft*sil  de  la  Slem  de  Catorce.  p.  35,  PI.  XIX. 

*  nie  AmmonltcD  des  Schwibischeo  Jura,  pi.  100,  fts-  S. 
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The  species  is  named  for  Dr.  Wm.  Bullock  Clark,  professor  of 
geology  in  Johns  Hopkins  University  and  director  of  the  Maryland 
geological  survey. 

Perisphinctes  AOiJiLERAi  sp.  n. 

PI.  XXVIII,  figs.  1,  2. 

Shell  large,  discoidal ;  umbilicus  large,  spanning  more  than  a  third 
of  the  diameter  of  the  shell,  rather  shallow,  its  wall  descending  almost 
vertically  from  a  rounded  border;  whorls  little  involute,  each  con- 
cealing only  between  a  fourth  and  a  fifth  of  its  predecessor,  about 
three-fourths  as  broad  as  high,  broadest  in  the  lower  third,  their 
flanks  flattened-convex,  the  venter  rounded,  jipparently  a  little  tec- 
tiform  on  the  outer  whorl;  ornamented  with  very  numerous  com- 
pressed ribs,  which  arise  independently  at  the  umbilicus,  have  a 
somewhat  backward  inclination  in  ascending  the  umbilical  wall,  and 
cross  the  flanks  wMth  a  gentle  forward  inclination  and  slight  sigmoid 
flexure,  bifurcating  at  about  the  mid  flank  into  parallel  branches  that 
sweep  strongly  forward  on  the  ventral  region  so  that  those  of  oppo- 
site sides  meet  on  the  periphery  at  nearly  a  right  angle;  the  ribs,  and 
especially  the  ventral  ones,  close,  yet  narrow^er  than  the  round- 
bottomed  intervals  between  them,  the  ventral  ribs  of  the  inner  whorls 
being  very  fine,  those  of  the  outer  whorls  large,  though  still  com- 
pressed and  strongly  elevated;  septal  line  strongly  dissected,  appar- 
ently not  differing  from  that  of  Perisphinctes,.  though  hitherto 
observed  only  in  part,  the  saddles  at  least  not  ending  in  roundels 
such  as  characterize  the  Phylloceratida*. 

Measurements. — Outer  whorl  attaining  at  least  a  height  of  107  mm. 
and  a  breadth  of  84  mm.  The.  cross  section  of  a  smaller  whorl  has 
the  same  dimensions,  57  and  50  nmi. 

Occurrence, — Seven  fragments  of  this  species  were  ol)tained  by 
Doctor  Stanton  from  the  foothills  west  of  Malone  Mountain,  about 
2  miles  north  of  the  southern  end  of  the  latter.  The  horizon  is 
regarded  by  him  as  probably  the  same  as  one  that  yielded  him  speci- 
mens of  the  Exogyra^  herein  identified  as  E.  potosina  (narrow  phase). 

The  species  is  named  for  Senor  Jose  G.  Aguilera,  director  of  the 
geological  institute  of  Mexico. 

Perisphinctes  potosinus  C.  and  A. 

PI.  XXIII,  fig.  1. 

Perisphinctes  potosinus  Castillo  and  Agiiilern,  189.5,  Bol.  Com.  Geol.  Max., 
No.  1,  p.  31,  PI.  XVIT,  fig.  1  and  PI.  XXIV.  fig.  2. 

Among  the  specimens  from  the  locality  IJ  miles  east  of  Malone 
station  is  a  fragment  of  a  Perisphinctes  belonging  to  the  series  of 
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P.  contiguvs  Cafullo,  and  that  seems  to  agree  sufficiently  with  the 
description  and  illustrations  of  P.  potoshm  C.  and  A.  The  lateral  ribs, 
in  form,  size,  interspacing,  and  manner  of  trifurcation,  are  those  of 
P.  contiguvs^  from  which  the  Malone  shell  differs  in  the  more  ante- 
riorly inclined  lateral  ribs  and  in  having  the  ventral  ribs  distinctly 
curved  forward  as  they  approach  the  periphery,  on  which  they  are 
slightly  extinguished.  The  last-named  feature,  however,  is  not  a 
specific  difference;  for  while  the  ventral  ribs  in  P.  contiguiia  are 
usually  uninterrupted,  a  slight  peripheral  attenuation  of  them  is 
noted  by  Toucas  *»  as  occurring  in  some  varieties  of  this  species  in  the 
Carpathians. 

The  fragment  agrees  in  size  with  an  intermediate  part  of  the  outer 
whorl  of  P.  contiguus  or  P.  potosintts^  and  the  qross  section  of  whorl 
which  it  indicates  is  about  three-fourths  as  broad  as  high,  measuring 
24  mm.  in  height  and  18  or  19  mm.  in  breadth. 

Siemiradzki  ^  refers  to  P.  potosinus  as  apparently  identical  with 
P.  kokeni  Behrendsen,^  but  there  seem  to  me  to  be  considerable  dif- 
ferences between  the  two  species.  These  differences,  if  we  accept  the 
description  and  the  figure  of  the  adult  (PI.  XVII,  fig.  1)  and  exclude 
the  smaller  and  doubtfully  pertinent  figure  (PI.  XXIV,  fig.  2)  given 
by  Castillo  and  Aguilera  of  their  Perisphinctes  potosinus^  are  as 
follows : 

P.  kokeni,  P.  potoainus. 

Involution  i.  Involution  J  to  }. 

Whorls  broader  (thicker)  thjin  high.  Whorls  higher  than  broad. 

Whorl    cross   section    qundrilaterally  Whorl  cross  section  flat-sided  ovate. 

rounded.  Venter  rounded. 

Venter  flatly  rounded.  Lateral  rilw  bifurcate,  the  larger  num- 

Lateral  ribs  bifurcate.  -ber  becoming  trifurcate  on  the  last 

Simple    part    of    lateral    ribs    rather  whorl. 

slender.  Simple  part  of  lateral  ribs  rather  stout. 

Perisphinc^tes  felixi  C.  and  A. 

PI.  XXIII.  fig.  2. 

Perisphinctes  felixi  Castillo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex.,  No. 
1,  p.  25,  PI.  XVI.  fig.  1. 

A  species  of  Perisphinctes  apparently  not  distinct  from  P.  felixi 
C.  and  A.,  but  intermediate  in  some  of  its  characters  between  the  latter 
and  the  closely  allied,  if  indeed  really  distinct  P.  lauri  C.  and  *A., 
is  represented  from  the  locality  1^  miles  east  of  Malone  station  by  a 
specimen  showing  part  of  three  successive  whorls. 

The  whorls  are  rounded  in  cross  section,  having  their  height  and 

•Bull.  Soc.  Geol.  France,  3d  ser.,  Vol.  XVIH,  p.  582. 

^MoDogr.  Bescbr.  rerlsphlnrtes,  p.  170. 

''Zeltsohr.  d.  Deutsch.  Geol.  Gesellscb.,  Bd.  43,  p.  406,  pi.  24,  figs.  1  aod  2.     1891. 
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breadth  about  equal  (25  mm.),  yet  having  their  greatest  breadth  in 
the  lower  part.  The  involution  is  between  i  and  ^.  The  ribs  are 
heavy  and  inclined  forward;  mostly  bifurcate  at  about  the  middle 
of  the  flank,  but  in  one  instance  a  rib  is  seemingly  bidichotomous. 
the  first  bifurcation  taking  place  on  the  umbilical  border.  The  ven- 
tral ribs  pass  over  the  periphery  without  interruption,  but  are  curved 
forward  as  they  approach  the  median  line  so  as  to  make  a  very  obtuse 
angle,  at  which  many  of  them  suffer  a  very  slight  weakening.  The 
sp^imen  does  not  show  the  largest  part  of  the  last  whorl,  a  fact 
to  which  the  almost  uniformly  bifurcate  character  of  the  ribbing  is 
probably  due. 

Doctor  Stanton  also  has  collected  at  this  locality  a  small  specimen 
that  apparently  represents  the  inner  whorls  of  the  same  species. 
This  has  many  of  the  ribs  once  bifurcate,  the  others  simple. 

The  following  is  a  translation  of  the  original  description  of  the 
species: 

Shell  discoldal,  spire  composed  of  embracing  whorls  of  nearly  round  cross 
section,  visible  in  the  umbilicus  in  a  third  of  its  width,  having  \ts  major  thick- 
ness near  the  umbilical  border ;  flanks  convex,  descending  gradually  toward  the 
umbilicus;  slphonal  region  perfectly  rounded.  Umbilicus  small,  rather  deep,  its 
border  not  angulated.  Surface  covered  with  46  to  48  strong,  equal  costellae 
which  bifurcate,  some  at  the  middle  of  the  flanks  and  others  a  little  earlier; 
of  the  former  some  trlfurcate  and  the  latter  undergo  a  second  bifurcation, 
which  takes  place  at  the  same  distance  from  the  umbilicus  as  that  of  the  other 
costellfip;  three  or  four  ribs  remain  simple;  all  cross  the  slphonal  region  form- 
ing a  slight  forward  inflection.  Aperture  a  little  higher  than  wide,  a  little 
Invaded  by  the  whorl  of  the  spire  and  rounded  above.  Three  narrow  constrlc- 
ttons  [8urco8\  are  seen,  shallow  and  parallel  to  the  costellse.  Diameter  00  mm.. 
75  mm.;  breadth  [helghtl  of  the  last  whorl  with  relation  to  the  diameter  0.38, 
0.38 ;  thickness  of  the  last  whorl  with  relation  to  the  diameter  0.38,  0.38 ;  diame- 
ter of  the  umbilicus  with  relation  to  the  diameter  0.35,  0.33. 

Perisphinctes  schucherti  sp.  n. 
PI.  XXV,  fig.  1;  PI.  XXVI,  tigs.  1-3;  Pi.  XXVII,  fig.  1. 

Shell  discoidal,  moderately  involute,  each  whorl  embracing  about 
a  third  of  its  predecessor:  the  umbilicus  strongly  excavated,  its  span 
equaling  about  a  third  of  the  corresponding  diameter  of  the  shell: 
whorls  laterally  compressed,  even  the  earlier  ones  being  much  higher 
than  wide,  the  flanks  flattened-convex,  narrowed  toward  the  siphonal 
side,  which  is  rounded,  umbilical  border  rounded  above,  descending 
almost  sheerly  below  to  the  surface  of  the  inner  whorls;  septal  line 
with  two  lateral  lobes,  of  which  the  first  is  large,  ample-trunked  and 
longer  than  the  siphonal  lobe,  and  ends  in  three  branches,  the  second 
lateral  lobe  being  well  developed  and  considerably  more  than  half  as 
long  as  the  first,  suspensive  lobe  (nahtlobvs)  of  intermediate  steep- 
ness, presenting  one  conspicuously  large  auxiliary  lobe;  ribs  gently 
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inclined  forward  on  the  flanks,  somewhat  enlarged  on  the  umbilical 
border,  those  of  the  earlier  whorls  very  close  and  bifurcating  or 
sometimes  trifurcating  at  about  the  middle  of  the  flank  into  feebly 
diverging  smaller  oiies,  an  occasional  rib  remaining  simple  and  then 
being  usually  accompanied  by  a  short,  independent  rib,  correspond- 
ing with  one  of  those  produced  by  bifurcation,  this  ornamentation 
becoming  gradually  obsolete  on  the  greater  part  of  the  height  of  the 
flanks  and  also  on  a  narrow  median  zone  in  the  more  mature  portion 
pf  the  shell,  which  portion  is  also  usually  encircled  with  large  shal- 
low constrictions  at  remote  intervals;  the  ventral  ribs  about  equal  to 
the  intervals  between  them. 

Measurements. — The  maturer  aspects  of  the  shell  are  represented 
only  by  fragments;  the  cross  section  of  one  of  which  has  a  height  of 
47  mm.  and  a  breadth  of  27  mm. 

Occurrence, — The  type  material  consists  of  several  imperfect  speci- 
mens and  various  fragments,  all  collected  by  Doctor  Stanton  in 
foothills  near  the  railroad,  at  the  northwest  end  of  Malone  Mountain, 
about  2  miles  east-southeast  of  Finlay  station.  Material  obtained  on 
the  west  side  of  Malone  Mountain,  from  No.  1»3  of  Malone  Mountain 
section,  includes  a  very  doubtful  fragment  of  this  species  from  about 
2  miles  west  of  Malone  station,  and  a  specimen,  also  doubtful,  and  a 
fragment  from  a  point  about  three-fourths  of  a  mile  farther  south. 
That  collected  \\  miles  east  of  Malone  station  includes  a  fragment 
which  not  improbably  belongs  to  this  species. 

The  septal  line  of  P.  schucherti  is  of  the  same  general  pattern  as 
that  of  P.  in^onditvs  Font.,  as  figured  by  de  Loriol,**  but  differs  from 
it  by  its  broader  first  lateral  lobe  and  in  other  details.  The  shell  of 
P.  schucherti  also  differs  from  that  of  P.  inconditus  in  that  the  latter 
has  tri furcate  and  even  sometimes  quadri furcate  ribs,  the  ribbing  on 
the  flanks  of  the  inner  whorls  being  very  much  closer  in  P.  achucherti 
than  in  either  inconditus  or  balderiis. 

The  second  specimen  above  mentioned  is  larger  and  less  compressed 
than  the  others  and  has  the  ribs  less  inclined  forward  on  the  venter, 
and  on  part  of  the  shell  almost  radially  directed.  I  am  uncertain 
whether  it  belongs  to  P.  nchucherti  or  is  the  young  of  a  larger  species. 
The  ribs  are,  however,  obsolete  on  the  flanks,  and  the  specimen  is 
therefore  referred  here  provisionally.  It  gives  the  following  measure- 
ments: Greatest  diameter,  125  mm.;  span  of  umbilicus,  50  mm.; 
Iieight  of  outer  whorl  in  intermediate  part,  45  mm.;  breadth  of  same, 
30  mm.  It  is  without  constrictions,  and  in  form  and  character  of 
ventral  ribbing  bears  a  resemblance  to  Olcontephanus  pototnnua  C. 
and  A.,  a  fossil  from  which  in  other  respects  it  widely  differs. 

The  species  is  named  for  Mr.  Charles  Schuchert,  curator  of  inverte- 
brate paleontology  in  the  United  States  National  Museum. 

«  Koss.  d.  Baden.  PI.  XI,  Hg.  Ic 
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Genus  ASPIDbCERAS  Zittel. 

ASPIDOCERAS  ALAMITOCENSIS  C   and   A. 
PI.  XXVII,  flg.  2. 

Aspidoceras  alamitocensis  Castillo  and  Aguilera,  1895,  Bol.  Com.  Geol.  Mex., 
No.  1,  p.  43,  PI.  XXIII. 

A  portion  of  a  shell  which  appears  quite  identical  with  this  bulky 
ammonite  was  obtained  li  miles  east  of  Malone  station.  It  includes 
about  a  fourth  of  a  volution,  belonging  mostly  to  the  septate  part  of 
the  shell,  but  including  also  a  small  posterior  fraction  of  the  body 
chamber.  The  septal  line  is  imperfectly  shown,  but  the  lateral  lobes 
and  saddles  are  large  and  coarsely  dissected,  the  saddles  having 
obtuse,  the  lobes  having  sharply  pointed  terminal  divisions;  and  the 
auxiliaries  (not  visible  in  our  specimen)  are  few,  or  at  least  not  pres- 
ent beyond  a  narrow  umbilical  tract  of  the  whorl.  Of  the  two  rows 
of  tubercles,  6nly  one — that  which  borders  the  umbilicus — is  shown, 
owing  to  the  dondition  of  the  specimen.  Traces  of  low  ribs  separated 
by  broad  and  shallow  valleys  and  crossing  the  broadly  rounded  outer 
side  of  the  whorl,  are  distinguishable.  The  specimen  indicates  a 
shell  at  least  as  large  as  the  largest  of  the  Alamitos  specimens  whose 
dimensions  are  given  by  Castillo  and  Aguilera.  In  the  matrix  with 
it  are  several  imperfect  specimens  of  Exogyra  suhplicifera. 

VERTEBRj^TA.. 

As  compared  with  the  rich  invertebrate  fauna,  the  known  verte- 
brate fauna  of  the  Malone  formation  is  pitifully  meager. 

Besides  a  few  ill-preserved  and  problematical  structures  which  may 
pertain  to  Vertebrata,  the  Malone  Hills,  1^  miles  east  of  Malone  sta- 
tion, have  yielded  two  cycloid  fish  scales,  between  circular  and  quad- 
rate in  outline  and  a  little  smaller  in  area  than  a  1-cent  piece;  one 
well-preserved  hemispherical  tooth,  about  the  size  of  a  checkerberry, 
of  a  Pycnodont;  and  a  number  of  fragments  of  bones  of  rather  large 
swimming  reptiles,  which  are  prpbably  in  part  those  of  Enaliosaurs. 

The  east  slope  of  Malone  Mountain,  a  mile  north  of  its  southern 
end,  has  yielded  Doctor  Stanton  a  shark's  spine  of  indeterminate 
genus. 

WTiile  the  Upper  Jurassic  rocks  of  Potosi,  Oaxaca,  etc.,  Mexico, 
have  yielded  a  considerable  number  of  invertebrates — some  now 
known,  others  not  yet  known,  from  Texas — they  have  apparently 
yielded  no  vertebrate  remains  of  record  whatsoever;  and  the  above 
brief  notices  therefore  apparently  embrace  all  that  is  known  of  the 
Vertebrata  of  the  Upper  Jurassic  in  Texas  and  Mexico. 
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Figs.  1-3.  Abtboccenia  maloniana  Vanglian,  sp.  n.  (p.  34). 

Figs.  2,  3.  Ck)ra]la  of  natural  size  sbowing  variation  In  mode  of  growth. 

Fig.  3.  Several  corallltes  from  flg.  2,  enlarged  6  diameters. 
Fio.  4.  Sebpula  sp.  (p.  37). 

Cross  sections  of  tubes. 
FiQS.  5,  6.  Sebpula  gobdlaus  Schlothelm  (p.  37). 

Several  specimens  growing  on  Astrocoenia  maloniana. 
Fio.  7.  Bebenicea  maloniana  sp.  n.  (p.  38). 

Enlarged  3  diameters. 
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Figs.  !-♦>.  Gryph.i:  Mexican  a  Felix  (p.  39). 

Fig.  1.  Young  8i)e<*iiiien,  natural  size. 

Fig.  2.  Young  striatod  individual,  enlarged  U  dlametera 

Figs.  4-(J.  Mature  Ki)ecimen. 
Fig.  7.  Exogyra  potosina  Castillo  and  Aguilera  (p.  41). 

See  PI.  IV  for  additional  figure. 
Figs.  8, 1).  Plicatula  si»obteixa  sp.  u.  (p.  43). 

Two  views  of  the  imperfect  type  specimen. 
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PLATE  rV. 

Fios.  1-4.  EiXOGTRA  BUBPLioiFEBA  Felix  (p.  41). 
Figs.  5.  6.  Lima  interlineata  sp.  n.  (p.  43). 

Fig.  5.  Type  specimen,  natural  size. 

Fig.  6.  Part  of  sculpture,  enlarged  3  diameters. 
Fio.  7.  ExoGYBA  poTosiNA  OastUlo  and  Agulleru  (p.  41). 

See  PI.  Ill,  fig.  7. 
Figs.  8,  9, 10.  Gervillia  corbugata  sp.  n.  (p.  46). 

Fig.  8.    Right  valve  with  most  of  the  shell  exfoliated. 

Fig.  9.    Left  valve  of  another  specimen  In  same  state  of  preservation. 

Fig.  10.  Small  distorted  left  valve  showing  strong  sculpture  of  umbo. 
Fios.  11.  12.  Pecten  insutus  sp.  n.  (p.  44). 
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PIJ?lTE   V. 
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PLATE  V. 

Fig.  1.  Gebtillia  Cinderella  sp.  n.  (p.  47). 

Fios.  2,  3.  Gervilua  ?  riograndensis  sp.  n.  (p.  47). 

Side  and  profile  views  of  the  type  specimen. 
Fig.  4.  Lima  ( Ctenostreon )  riograndensis  sp.  n.  (p.  44). 
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PLATE   VI. 
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PLATE  VI. 

FlOS.  1,  2.    MODIOLA  HALONIANA  Sp.  D.    (p.  48). 

Side  and  profile  views  of  the  type  specimen. 
Fig.  3.  Modiola  oeniculata  sp.  n.  (p.  49). 
FiQS.  4,  5.  Mytilus  nuntius  sp.  n.  (p.  48). 

Side  and  profile  views  of  the  type  specimen. 
FiQ.  6.  Abca  dumbu  sp.  n.  (p.  51). 
Figs.  7,  8.  Abca  taffii  sp.  n.  (p  50). 

Side  and  profile  views  of  the  type  specimen. 
Figs.  9,  10.  CucuiXiEA  ?  texicostata  sp.  n.  (p  52). 

Fig.   9.  The  imperfect  type  specimen. 

Fig.  10.  Portion  of  surface  enlarged. 
Figs.  11, 12.  Cucuix«a  castilloi  sp.  n.  (p  54). 

Side  and  profile  views  of  the  type  specimen. 
Fig.  13.  Leda  ?  navicula  sp.  n.  (p.  55). 
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PLATE  VII. 

Figs.  1-8.  Pinna  quadbifons  sp.  n.  (p.  49). 
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PLATE   VIII. 
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PLATE  VIII. 

Figs.  1,  2.  Tbigonia  vyschetzkii  Cragin  (p.  56). 

See  PI.  IX,  fig.  3,  for  anterior  view  of  specimen  represented  by  fig.  1. 
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PLATE  IX. 

Figs.  1-.3.  Trigonia  vyschetzkh  Cragln  (p.  5(5). 
See  PI.  VIII,  fli?.  1,  for  side  view  of  fig.  3. 
Figs.  4-5.  Tbigonia  calderoni  (Castillo  and  Agullera)  (p.  59). 
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PLATE  X. 

Figs.  1,  2.  Tbioonia  ooootixti  Cragin  (p.  58). 
Figs.  3-4).  Tbiooiiia  pboscabba  i^p.  il  (p.  00). 

FlO.  7.  TBIGONIA  PBiCSTHIATA  Hp.  n.   (p.  61). 
Fl08.  8-11.   ThIOONIA  MUNITA  8p.  II.    (p.  62). 
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PLATE  XI. 

Fios.  1.  2.  Tbigonia  ruiucostata  8p.  n.  (p.  (\S). 

Side  and  profile  views  of  the  type  specimen. 
Fig.  3.  Trioonia  conferticostata  pp.  n.  (p.  03). 
Fig.  4.  Astarte  breviacola  sp.  n.  (p.  04). 
Figs.  5,  0.  Astarte  posticalva  sp.  n.  (p.  07). 

Fig.  5.  I.oft  valve  of  t>'pe  enlarged  2  diameters. 

Fig.  0.  Dorsal  view  of  another  Hj)€»cimen. 
Fig.  7.  Astaktk  cuaticula  sp.  n.  (p.  (58 K 
Figs.  8.  1).  Astarte V  isodontoihes  sp.  n.  (p.  07). 
Figs.  10,  11.  Astarte  maionensis  (Yagln  (p.  (>5). 

Sc*e  PI.  XII  for  additional  flares. 
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PLATE  XII. 

Pigs.  1-3.  Astabte  malonensis  Cragin  (p.  <*»5). 

See  PI.  XI  for  additional  tigures. 
Figs.  4-f».  Ptyciiomya  stantoni  sp.  n.  (p.  (;0). 

Fig.  4.  Natural  size. 

Figs.  5,  6.  Another  specimen  enlarged  U  diameters. 
Figs.  7,  8.  TTnicardium  ?  transversum  sp.  n.  (p.  70). 
Figs.  1>-11.  Unicardium  ?  semibotundum  sp.  n.  (p.  76). 
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PLATE   XIII. 
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PLATE  Xm. 

FlOS.  1.  2.  CyPBINA  8TBEEBUVITZ1I  ('mgiii  (p  78). 

FlO.  3.   LUCIXA  PLANIUSCL'LA  sp.  n.   (p.  75). 

ViQs.  4^  5.  LuciNA  P0T08INA  Castillo  and  Aguilera  (p.  72). 

Figs.  i\-\().  Llcina  ihitosina  var.  inetricji  \ar.  ii.  (ji.  To). 

Vws.  11,  12.  Cypbina  coteboi  Castillo  and  Aguilera  (p.  77). 

Fio.  13.  Tapes  cuneovatus  sp.  u.  (p.  79). 


136 


Digitized  by 


Goosle 


U.  8.  GEOLOOICAL  SURVEY  BULLETIN    NO.  266      PL.   XIII 


MALONE  JURASSIC   INVERTEBRATES.  :     C    ...... 


Digitized  by  VjOOQLC 


Digitized  by  VjOOQIC 


PLATE   XIV. 


137 


Digitized  by  VjOOQIC 


PLATE  XIV. 

Figs.  1.  2.  Cyprina  btbeeruvitzii  Cragln  (p.  78). 

Two  views  of  lyjie  specimen  In  I'oUectlon  of  (leologlenl  Survey  of  Texas. 
See  PI.  XV,  fig.  1,  for  addltioual  figures  of  same  s[)eclmeu. 
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PLATE  XV. 

Fig.  1.  Cyprina  ?  stbeeruvitzii  Cragin  (p.  78). 

StH*  1*1.  XIV  for  other  views  of  same  npeolmen. 

Fl08.  2,  X    I*HOLADOMYA  T08TA  Sp.  D.    (p.  70). 

Opposite  views  of  the  same  specimen. 
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PLATE   XVI. 
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PLATE  XVI. 

Figs.  1,  2.  Pholadomya  mabcoui  sp.  n.  (p.  80). 

Side  and  anterior  views  of  tbe  same  specimen. 
Figs.  3,  4.  Phoijidomva  PBiEPOSixA  sp.  n.  (p.  82). 

Two  vIewH  of  the  some  specimen. 
Figs.  5.  6.  Pholadomya  paucicosta  Roenier?  (p.  81). 

Side  and  dorsal  views  of  the  same  specimen. 
Figs.  7.  8.  Anatina  obliquiplicata  sp.  n.  (p.  85). 
Figs.  0,  10.  Anatina  V  puculifeba  sp.  n.  (p.  86). 
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PLATE   XVII. 
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PLATE  XVII. 

Figs.  1-5.  Plccromta  incon8ta?is  Castillo  and  Agnllera  (p.  82). 
See  PI.  XVIII  for  addlUonal  figures. 


144 


Digitized  by  VjOOQLC 


U.  8.  OEOLOQICAL  SURVEY 


BULLETIN    NO.  268      PL.    XVII 


MALONE  JURASSIC  INVERTEBRATES. 


Digitized  by  VjOOQLC 


Digitized  by  VjOOQIC 


PLATE  XVTII. 
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PLATE  XVIII. 

Fios.  1-3.  Plfitromya  inconstans  CaHtlNo  and  Afjuneni  (p.  82). 

See  PI.  XVII  for  additional  figuren. 
Fio.  4.  I'LErBOMYA  1NCON8TA.N8  vai'.  curta  var.  n.  (p.  84). 

8ee  PI.  XIX  for  additional  liifurea. 
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PLATE  XIX. 

Figs.  1,  2.  Plkuromya  incx)nstan8  var.  ciirta  var.  n.  (p.  84). 

See  PI.  XVIII  for  additional  figure. 
Figs.  'A-Tk  Maktesia  maloniana  sp.  n.   (\\  87). 

Fij^s.  3,  4.  Side  and  dorsal  views  uf  the  same  >*peclmen. 

B^'ig.  5.  Anterior  view  of  another  si)eclmeu. 

h^Q.  (>.    THRACIA  V   MAU)N]ANA  sp.  n.    (p.  Hit). 

Fig.  7.  Coriula  mau)Mana  sp.  n.   (p.  87). 
Figs.  8.  0,  Plki  rotomaria  circ  ►'mtrcnca  sp.  ii.   (p.  88). 
Two  views  of  the  same  specimen. 

FjGS.    10,    11.    Tl'llBO    BFNE(  LATIIhATA    Sp.    n.     (p.    88). 

Two  views  of  the  tyi>e. 
Figs.  12-14.  Dklphinila  stantoni  sp.  n.  (p.  89). 

Fij;.  12.  Doi-sal  view  slightly  restored. 

Fig.  y.\.  Knlargement  of  part  of  surface  sculpture  of  same  si)eclmeu. 

Fig.  14.  AiM^rture  view  c»f  a  small  weathered  si)ei*imen. 
Fig.  ir».  Xkrita  finlayensis  sp.  u.   (p.  IX)). 
Figs.  1(>,  17.  Nerita  perobi^ta  sp.  n.  (p.  91). 

Two  views  of  the  tyi>e. 
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PLATE   XX. 
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PLATE  XX. 

I'UIS.    1-4.    NeRITA    NODILIIIATA    sp.    n.    ({h   IK)). 

Fig.  1.  Apioii!  view  of  a  luetliuiu  si)ecinien. 

Fig.  2.  Ai>erture  view  of  nnotber  specimen  viewed  obliquely  from  the  biise 
so  that  the  spire  is  eoiiceaietl. 

Fig.  3.  Dorsal  view  of  a  young  individual. 

Fig.  4.  Apical  view  of  an  internal  cast. 
Fit].  r».  Tlrritella  uurkarti  81).  n.   (p.  1)2). 
Vui.  (».   ViRMKTLS  COR.NE./OI  Castillo  and  Agulltr.i   (p.  02). 
Fics.  7,  S.  Xatica  wiixiamsi  sp.  n.   (p.  IK^. 
Fics.  n.  V).  Xatica  nir.AiHATA  sp.  n.  (p.  J>5). 
Fkj.s.   11,  12.  Natica  inflkcia  sp.  n.   (p.  J)4). 
Fig.   l.'J.  Ckkithium  ARctiFERUNf  sp.  n.   (p.  1)1)). 
Fk;.  H.  Act.iconina  ?  maloniana  sp  n.  (i».  1)!)). 
Fios.   ir>.  Hi.  Xatica  finlavensis  sp.  n.  (p.  1)4). 
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PLATE  XXI. 

Figs.  1-3.  Nkrtnea  goodellii  sp.  n.  (p.  IKJ). 
Ficis.  4,  5.  Nerinea  circumvoluta  hi».  ii.   (p.  07). 

Fig.  4.  Ix)ngitudinu1  sec»tlon  enlnrgtHl  2  dinnieters. 
Figs.  <>-0.  Nkki.nella  stantoni  sp.  n.   (p.  OS). 

Fig.  8.  Frnginoiit  enlarged  3  diameters. 

Fig.  0.  Ivongitudlnal  section  of  same  fragment  enlarged. 

Fig.    10.    PSKITDOMELANIA   GOODELLII   Sp.    n.    (p.   95). 
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PLATE    XXII. 
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PLATE  XXII. 

Fig.  1.  Naittilus  durkarti  (Castillo  and  AgulleiM   (p.  100). 
F108.  2,  :i.  Oppelia  ?  FALLAX  Castlllo  and  Agullera  (p.  101). 
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PLATE  XXITI. 
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PLATE   XXIII. 

Fio.  1.  Pfrisphtnctes  potosinis  Castillo  and  Agullera  (p.  105). 
Fig.  2.  l*F.icispni notes  fllixi  Castillo  and  Aguilcra  (p.  106). 
Fio.  'A.  Xvutili  s  naufragi'^  sp.  u.  (p.  100). 
See  PI.  XXIV,  fig.  3. 
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PLATE    XXIV. 
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PLATE  XXIV. 

VwH.  1.  2.  Olcostephanus  maix)nianus  sp.  n.  (p.  103). 

Lateral  and  ventral  views  of  two  fraRiiients. 
Fui.  'A.  Nautilus  naufhaous  sp.  n.   (|).  KK)). 

Ventral  view  of  Hiieelnien  represented  by  1*1.  XX I II,  fig.  3. 
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PLATE    XXV. 
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Fkj.  1.  Pfrisphincies  s(  i!i'( mini  sp.  n.   (p.   107). 

See  Pis.  XXVI  imd  XXVIl  for  iidclitional  figures. 
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PLATE  XXVI. 

Figs.  1-3.  Pebisphinctes  schuchebti  sp.  n.  (p.  107). 

Fig.  1.  Ventral  view  of  siiecinien  figured  on  PL  XXV. 
Fig.  2.  Side  view  of  Binaller  specimen. 

Fig.  8.  Part  of  suture  showing  first  and  second  lateral  lobes  from  another 
specimen  enlarged  3  diameters. 

See  PI.  XXVIl  for  additional  figure. 
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PLATE  XXVII. 

Fig.  1.  Pebisphincteb  schucherti  sp.  n.  (p.  107). 

See  Pis.  XXV  and  XXVI  for  additional  figures. 
Fig.  2.  Aspidocebas  alamitocensis  Castillo  and  Aguilera  (p  109). 

Ventral  view  of  a  fragment 
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PLATE  XXVIII. 

Figs.  1,  2.  Pebisphinctes  aguhjcrai  sp.  d.  (p.  105). 
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PLATE  XXIX. 

B^GS.  1,  2.  Perisphinctes  clabki  sp.  n.  (p.  103). 
Fig.  1.  A  large  imperfect  8|>eciineJi. 
Fig.  2.  8ei)tum  of  same,  somewhat  weathered. 
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A. 

Page. 

Actsonella '98 

dolium 1 30 

Actieonlds 1»-100 

Actffionina 99-100 

maloniana sp. n 17,M-100,  ISO 

Aguilera.  J.  O..  on  Mexican  geology 21 

See  aim  Castillo  and  Aguilera. 

Alamitos  beds,  correlation  of 20 

Amauropsis 93 

Ammonoidea 101-109 

Anatlna 85-«« 

obliqulpllcata  sp.  n 17.  H6-««,  Hi 

?  pllculifera  sp.  n 17,86,142 

iogta 10, 79 

Anatinidse 8.V86 

Annelida 87 

Anthozoa 84-36 

Area 


60-62 

Tdumblisp.  n 16,  61-ft«,  its 

tafBlsp.  n 17,  60-41,  lit 

ArcidiE 50-65 

Aspidoceras 109 

alamitocensis 17.  109,  J6i 

Astarte 64-68 

breviacola  sp.  n 21,04-66,  78,15f 

craUculasp.  n 17,08,  75f 

excavata 66 

7  isodontoides  sp.  n 17, 67-08,/5f 

malonensis 17,18, 

19, 40, 48, 44, 49, 68, 06-00, 88,  JSt,  ISk 

mUrophye$ 17.21,43,64 

neocomiensis 66 

posticalva  sp.  n 17,67,  JSt 

Astartidae 64-68 

Astroctenia 84-85 

maloniana  sp.  n 16,84-06,  JIU 

Avicullds 46^8 

B. 

Berenicea 88 

maloniana  sp.n;. 16,S8,72A 

microstoma 88 

tenera 88 

BlufTbed,  location  of 28 

See  aUo  Orbitolina  limestone. 

Blufl  Mesa,  rocks  of 82 

Bdhm,  O.,  on  Coelastarte 66 

Bryozoa 38 


C. 

Cajoncito  Canyon,  rocks  in  . 

Calloarca 

Caprina  occidentalis 


Page. 


sp. 


83 

61 

30 

81 

Castillo  and  Aguilera  on  Mexican  fossils.  21,42. 
68, 72, 73. 88-85, 92,100-104. 106-lOPr,  109 

Catorce,  Sierra  de,  Mexico,  fossili  from 21 

Cephalopoda 100-109 

Cerithiidee 99 

Cerithium 99 

areuiferum  sp.  n 17,09, 7M 

Chemnitria  goodellii 17,18 

Clark,  W.  B.,  acknowledgments  to 22 

Clavellatae 56,57,61 

C<elastarte 66 

C^lenterata 84-35 

Corbula 87 

7  maloniana  sp.  n 19,87,  IIS 

CosUtas 20,63-64 

Crassatella  comueliana 71 

Crassatellidie 6»-71 

Ctenostreon  proboscidea 44 

Cncullsea 52-66 

caaUlloisp.  n 18,64-66,  ItZ 

catoroensis 17,60-64 

{Trigonarca)  caioreeMU 63 

gratlotl 63 

terminalis 58 

7  texticostata sp. n 17,62,  Iff 

transpecosensis 10,17,6<-60 

Cummins,  W.  P.,  work  of 11,82 

Cycloid  fish  scales 17,109 

Cyprimeriafmaticana 74-76 

Cyprina 77-79 

coteroi 17,72,77,756 

roemerl 78 

streeruvitxil 10, 17, 78-79, 7.W,  198, 740 

texana 78 

(Raudairia)  ttreeruvUzii 78 

(  Venilia)  ceteroi 77 

Cy prinidse 77-79 

D. 

Delphinula 8^-90 

stantonisp.  n 17.88.89-90,  74« 

Diastoporidffi 88 

DumUe,  E.  T.,  fossils  lent  by 12 


Eagle  Mountains,  location  and  character  of. 
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EchinodennaU 85-36 

EnalioMur  remains 17,109 

BnallAster  texanus 31 

£piMter  whitei 81 

Etholen  beds,  correlation  of 10,28 

occorrenceof 10 

Exogyra 26,39,41-43 

arietina il 

auricnlaris 41 

drake!  var 31 

pUcilera 41 

potorina. .  19. 41-4S,47-48. 80, 85. 87, 105.  JJ6, 118 

qultmanensls 29 

gubpUcifera 16, 17, 21, 40, 41, 49, 109, 118 

texana 80 


Felix,  J.,  fofldlfl  collected  by 41 

on  Mexican  fomilii. ...  21, 87, 41, 45-«6, 57-58, 64 
Plnlay.  foflsils  from  near 13,18 

location  of 9 

Finlay  Mountain8,  location  and  character 

of 82 

Piahea,  cycloid,  scales  of 17,109 

Forbes,  E.,  on  Ptychomya 71 

Po«ilfl»  distribution  of 16-19 

local  derivation  of 18 

Foasils,  invertebrate,  descriptions  of 84-109 

plates  showing 11 1-168 

Fossils,  vertebrate,  mention  of 109 

Fredericksburg  group,  occurrence  and  char- 
acter of 28,30-82 

a. 

Gannett,  Henry,  on  Texas  altitudes 9 

Oastropoda 88-100 

Gerviilia 4<M8 

Cinderella  sp.  n 19,47,  85,1«) 

corrugata  sp.  n 16,46-47,48,88-89,175 

riograndensis  sp.  n 19, 47-48,  ItO 

Oilcrease,  J.  N.,  acknowledgments  to 22 

Qlen  Rose  beds,  correlation  of 10 

fossils  of 10 

Goldfuss,  A.,  on  Exogyra 42 

fossil  Identified  by ...       92 

Ooniomya  calderoni 59 

Goodell,  R.  R.,  fossils  collected  by....  11,22,59,64 

work  of 11, 22 

Goodell.  B.  W.,  fossils  collected  by.  9,11,22.69,64 

on  Malone  Hills 16 

Gresslya  gregarla 86 

Gryphsea  calceola  var.  nebrast'ensis 40 

corrugata 31 

mexicana  Felix 16-19, 

21, 26, 26, 36. 90-40, 42. 47, 49, 89. 116 

mueronata? 27 

waMhItaensiN 31 

Gypsum,  occurrence  of 15-16, 26-27 

H. 

Hamltes  fremonti 31 

Haploceras 102 

mazapilensis 21 

Holwtypolda 35-36 

Holectypus 35 

?8p 17.86 

Hyatt,  Alplueu^  on  Ctenostreon 44 


I. 


^'m- 


Inoceramuslabiatus lu 

Invertebrates,  plates  showing 111-ltt 

Iota  member,  fossils  of 14 

occurrence  and  character  of li}6 


Kappa  member,  fossils  of 14 

occurrenceand  character  of 14-14 


Leda K 

Tnaviculasp.n 17,U,itf 

Lenk.  H.,  on  Mexican  foosils 44 

Lima 48-44 

comatulicoata 45^ 

crenulicosta 4} 

interlineato  sp.  n 18, 4S-'«4, 7K. IIJ 

(Radula)  Interllneata ! 14 

(Ctenostreon )  riograndensis  sp.  n  . .  16, 44.  M 

wacoensis U.4J 

Limidse 48-44 

LisBOchllus » 

Literature  of  Malone  beds lo-w 

Lucina Tt-Th 

ooetoi 75 

emarginata  sp.  n 74-U 

mdrica 42-0.75 

T  mex  icana i: 

planiuscula  sp.  n 1 8. 76,  i» 

potodna 17, 7:S-;s.  f JS 

var.  metrica 17-19, 42-13,  It-IA,  m 

Lucinidse 72-77 

Lycett,  J.,  on  Ptychomya 71 

onTrigonia 57.« 


Malone.  fossils  from  near ij 

location  and  elevation  of 9,24 

Malone  district,  geology  of ii-l* 

location  of f 

stratigraphy  of 2S-» 

study  of,  history  of lO-lJ 

topography  of 34 

Malone  fauna,  age  and  correlation  of.  10-12. 19-23 

Malone  Hills,  fossils  from 1«-17 

location  of W 

Malone  Mountain,  fossils  from 17-19 

location  and  elevation  of 9,24 

rocks  of 24 

section  of 2&-S7 

stratigraphy  of 2S-33 

Map  of  Sierra  Blanca  region S 

Martesia 87-« 

maloniana  sp.  n 17.18.87-«8.iAi» 

Mexico,  Jurassic  fossils  from 20.21 

Alamitos  formation  in,  correlation  of 

Malone  formation  with 20. 21 

Modiola 48-19 

geniculata  sp.  n W,  4»,  ISS 

maloniana  sp.  n 16. 18, 40. 48-4*.  Itt 

Mocseh,  C,  on  Pholadoraya 81 

Mollusca 39-10» 

Molli^ooldea ** 

Mountain  bed,  age  of 32 

occurrence  and  characte*  of 2* 
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Page. 

MuleCanyon,  fosBil&from 11 

Myids 87 

MyttUd» 48 

Mytllus 48 

afer 48 

decuaaatus 48 

edullfonnis 48 

ntmtitu  sp.  n 48, 78,  Iff 

sublaeviB 48 

N. 

NaUca 98-95 

arguU 94 

bil&biatasp.n 17,96,160 

flnlayensis  sp.  n 18,94-96,150 

inflectasp.n 17,18,93,94,150 

pedemaliB 29 

pnegrandls 29 

williamsi  sp.  n 17,88,90,93,94,250 

Naticldae 9»-95 

Nautlloldea lOO-lOl 

Nautilus 100-101 

burkartl 18, 100,254 

naufrayuBsp.n 18,100-101,154,256 

Nelthea  texana 81 

Nectcene  rocks,  erosion  of 13-14 

occurrence  of 13-14 

Nerinea 96-98 

circumvoluta  sp.  n 17,97-98, /5f 

KOodelUl  sp.n 17,19,38,90-97,98,15-' 

goodhallii ;..       97 

Nerineidse 9i;-98 

Nerlnella 9H 

stantonisp.n 17,18,98,2.5:? 

Nerita 90-91 

chromatica 91 

flnlayensis  sp.  n 18,90-91, 24« 

nodillriatasp.n 17,88,90,91,93,99,250 

neumay  ri 91 

peroblata  sp.  n 17,91,245 

zltteli 91 

Neritldse ! 90-91 

Neumay  r  and  Uhlig,  on  Neocomian  fossils. .       20 

Nodosaria  texana 27, 31 

Nuculidae 55 

O. 

OlcosCephanus 103 

maUmianus  sp.  n 17, 103, 25.S 

portlandicus 103 

potosina 103,108 

Oppelia 101  -mi 

?fallax 17,19,  lOI-lOe,  254 

waageni 102 

Orbitolina  limestone,  occurrence*  and  char- 
acter of 28-29. 32-33 

Orbitolina  texana 28.29,31 

Ostrea 29,31,39-40 

sp 10,39 

Ostreidtt 39-43 

P. 

Pandora  ?  sequlvalvis 71 

Pecten 26,44 

insutus 16,18,19,42,225 

(Camptonectes)  Insutus 44-46 


Page. 

Pectinidae 44-I6 

Pelecypoda 39-88 

Perisphinetes 20,21,26.103-108 

agullerai  sp.  n 19,106,266 

balderus 21,108 

clarkisp.n 18,19,103-106,266 

contlguus 106 

fellxi 17,100-107,256 

hallarchus 104 

incondltus 108 

kokeni  106,106 

lictor 104 

mazapUensis 21 

polygyratus 104 

potosinus 17, 10&-106,  JS6 

schucherti  sp.  n . . .  17, 18, 107-108, 160, 26f ,  16U 

Pholadldae 87-88 

Pboladomya 79-82 

Candida 80 

dumbli 80 

glabra 80 

marcoulsp.n 17. 19, 80-81, 24f 

pauclcosta? 17,18,81,24i 

prseposltasp.n 17,82,  24f 

ragmialH 70 

tostasp.n 17,79-80,240 

Pholadomyldse 79-85 

Phylloceras 102 

Pinna 49-50 

quadrifrons  Np.  n .  16.18, 19, 26, 36, 42, 49-60, 24^ 

Pinnldse 49-50 

Placentlceras 101, 102 

faUax 101 

Pleuromya 82-86 

inconstuns 11,17-19.25, 

26. 36, 40, 42, 48-19,  ?2.  82-84,  244,  /46 

var.  curta  var.  n 17.19, 84-86,  246, 245 

peregrina 84 

Pleurotomaria 88 

circumtrunca  sp.  n 17, 48, 88, 89, 99, 245 

PleurotomariidsB 88 

Pllcatula 43 

i  ncongnia 31 

sportella  sp.  n 16,43, 116 

Porites  aslreoides 34 

Pseudoroelania 95-96 

Koodellilsp.n 96-96, 25f 

Pseudo-Quad  rata* 57 

Ptyehomya 16, 69-71 

HgaK'izii 71 

buchiana 70 

complicata 69-70 

ddnlulea , 70 

gennani 70 

koeneni 69-70 

ncKX'omlenHis 70 

nig>«dalel 70 

robinaldina 70 

HoHta 70 

Stanton!  sp.  n 17, 69-71, 1S!» 

xitteli 19,70 

sp 70 

Pycnodont  tooth 17,109 

Pygunis 36 

sp 18,36 

Pyramldellidie 96-96 
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Page. 
Q. 

Qiiadretse 57,61 

Quenstedt,  F.  A.,  on  Perlsphinctes 104 

Quitman  Arroyo,  section  near 30-32 

Quitman  bed,  occurrence  and  character  of.  2^29 

Quitman  Canyon,  section  In 28 

Quitman  Mountains,  location  of 9, 28 

section  of 30 


Radula 43 

Red  Bull  Canyon,  fossils  from 11 

Remondia 29 

Reptiles,  remains  of,  in  Malone  formation.  17, 109 

Requienia 29 

Reoss,  A.  E.,  on  Berenicea 38 

8. 

ScabrsB 56,60-62 

Schloenbachia  acutocarinata 31 

Inflata 72 

serraiescens 31 

vespertina 30,31 

Schlosser,  Max,  on  Nerita 91 

Schuchert,  Charles,  acknowledgments  to ..        22 

Section,  geologic,  of  Malone  Mountain 25-27 

Selachian  remains 17 

Serpula 37 

gordialis 16,17,87,40,78,714 

sp ' 16,87,1/4 

Siemiradzki,  Joseph,  on  Ferisphinctes 20,106 

Sierra  Blanca  region,  geology  of 23-24, 28-29 

location  and  character  of 32 

map  of 22 

South  America,  fossils  from,  comparison  of 

Malone  species  and 21 

Sowerby,  J.  de  C,  on  Nerinea 97 

Spatangorda 36 

Spondylidee 43 

Stanton,  T.  W..  fossils  collected  by 35, 

36, 41, 48, 47, 49, 50, 55, 59-61, 76. 81, 
87,  92,  94-96,  98-100,  105,  107,  109 

letterof  transmittal  by 7 

on  stratigraphy  of   Malone  Mountain 

and  vicinity 23-33 

work  of 9-12,17-19,22 

Steinmann,  G.,  on  Nigonia 57,70-71 

on  Ptychomya 20 

Sloliceka.  F.,on  Astarte 66-67 

on  Ptychomya 71 

T. 
Taff,  J.  A.,  on  Malone  district 15,24,27,30,32 

work  of 9-11 

Tapes 79 

?  cuneovatUH  sp.  n 17,79,156 

Terebratula  (Kingena)  wacoensis 31 

Thela  member,  fossils  of 14, 16-17, 21 

occurrence  and  character  of 13-14, 16 

Thracia 86 

Incerta 86 

?  maloniana  sp.  n 17,86, 14S 

Titania,  Cerrode,  fossils  from 21 


Page 

Trigonia 20,26,56-64 

calderoni 17,18,4S,60-«0.96,/es 

confertlcostata  sp.  n 17,6S-64. 15f 

goodellii 17,19,  W-«»,l» 

herzogl 67 

munltasp.n 17-19,62-68,96.15(1 

praestriata  sp.  n 18-20, 61-62, 1» 

proscabra  sp.  n 17,18,20,60-61.78.150 

rudicostata  sp.  n 17,68,64,152 

tologtireni 24,56,58 

stolleyi? 29 

bulcataria 60 

taffli 10-11,29.97 

transitoria 20,22,57-58,70 

vyschetxkii 10-11. 17,20- 

22,  44,  48,  66-68,  78,  82-83,  lt6,  ItS 

8P 11 

Trlgoniidse 56-64 

Trinity  group,  occurrence  and  character 

of 28,31,32 

Trio,  the,  fossils  from  near 17 

location  and  subdi  visions  of 18 

Trochida; 88-90 

Trlincate  Mound,  location  of  and  fossils 

from 13-14 

Tryon,  G.  W.,  on  Calloarca 51 

\         on  Mytilus 48 

Tubicola 37' 

I  Turbo 88-w 

I  ?  l>encclathratU8  sp.  n 17,  8H-89,  14.«? 

Turritella 92 

burkartisp.  n 17,02, 1."^ 

Turritellidae 92 

Tutotepe<?,  Mexico,  f oasi  Is  from 21 

U. 

Undulatffi 11,20.59,60 

Un  Icardium 76-77 

?  semirotundum  sp.  n 17, 18, 76, 95,  l-U 

? transversum  sp.  n 17, 18, 76-77, 154 

varicosum 76 

V. 
Vaughan.T.Wayland,  fossil  corals  described 

by 34-35 

Veneridse 79 

Venu»  m(doncnsU » 10, 65 

Vermes 87 

Vermetida: 92-93 

Vermetus  comcjoi 17,  02-08,  150 

(Burtinella)  comejol 92 

Vertebrata 109 

Von  Streeruwltz,  W.  H.,  fossils  collected  by.  62-53 
work  of 10 


W. 


22 


Walcott,  Charles  D.,  acknowledgments  to.. 
Washita  group,  occurrence  and  character 

of 28,30-33 

Williams.  J.  W.,  acknowledgments  to 22,98 

Wilson,  C.  M.,  acknowledgments  to 22 

Wyschetzkl,  Ralph,  fossils  collected  by 9-11. 

52.78 

Yucca  beds,  correlation  of 13 

occurrence  of 13 

Z. 

Zuloaga,  Sierra  de,  fossils  from 21 
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